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SECURITY INFORMATION 

I.        SUliNiARY 

A. This quarterly report is submitted under Contract N7onr-U6208 and 
covers the period 1 November 1952 through 31 January 1953.*   The objectives of 
the contract are threefold: 

la        Synthesis and physical studies of new high-energy polynitro 
compounds as potential explosives. 

2. Desensitization of RDX with materials which will not lower 
its oxygen balance appreciably. 

3. Development of bomb and shell casings made of an explosive 
plastic. 

B. The more important results and conclusions of the work reported are 
presented below: 

1. Four new aliphatic polynitronitramines have been synthesized 
by use of the Mannich condensation. 

a. 3,3#5»7,7-Pentanitro-5-aza-nonane and U,U,6,8,8-penta- 
nitro-6-aza-undecane were prepared by the condensation of ammonium acetate with 
2,2-c,initrobutanol and 2,2-dinitropentanol, respectively, followed by postnitra- 
tion. 

b. The condensation of 3»3-dinitro-l,5-pentanediamine with 
tvro moles of trin:\troethanol,  followed by postnitration, gave 1,1,1,3,6,6,9, 
ll,ll,ll-decanitro-3,9-diaza-undecane.    This compound has a crlculated bal- 
listic-mortar value of 155 (RDX * 150)   and a calculated lead-block value of 
177 (RDX = 157). 

c. The condensation of uethylene diamine with two moles 
of trinitroethanol,  followed by postnitration, gave 1,1,1,3»5#7,7,7-octanitro- 
3,5-diaza-heptane.    Tnis compound has an oxygen balance of +10.U,  and when 
adjusted to zero oxygen balance with 12.3# TNT,  it has a calculated ballistic- 
mortar value of 156.3 and a calculated lead-block value of 195.5. 

2. 3,3,3-Trinitropropyl amine nitrate was prepared by treating 
3,3»3-trinitropropyl isocyanatc with dilute nitric acid.    This salt ha3 a 
calculated ballistic-mortar value of lUii and a calculated lead-block value of 
171. 

3. Tv.o new heterocyclic polynitro compounds have been synthe- 
sized: 

a»        J ,?,^-f.r:is(3,,3,,3,-TrJnJ.tropropyl-hexahydro-l,.'i>5- 
triazine was prepared by the condensation "f three moles of 3»3>3-trinitrpropyi 
amine with three ;r.oles of fonr.aldehyde. 
___      .____ ______ 

Previous work on this contract nan <-.<v/oroci  in Aerojet Reports Mo.  512,  538, 
562, 589, 621, 637, and 660. 

CONFIDENTIAL Page 1 



CONFIDENTIAL 

I Summary, B (cont.) Report No. 682 

b.        By the condensation of 1,1,1,6,6,11,11,11-octanitro- 
U,8-diaza-undecane and formaldehyde, a compound was obtained which was 
postulated to be 1,3-ois(3',3!»3'-trinitropropyl)-5,$-dinitro-hcxahydrc- 
1,3-diazine.    This compound has a calculated balliatic-mortar value of 157 
and a calculated lead-block value of 153. 

h»        The following samples were prepared and submitted to the 
Naval Ordnance Laboratory for evaluation: 

a. l,l,l,U,6,6,8,ll,ll,ll-Decanitro-u,8-diaza-undecane 

b. l,l,l,3,6,6,9,ll,llfli-Decanitro-3,Q-diaza-undecane 

c. l,l,l,3,5,7,7,7-Octanitro-3,!>-diaza-heptane 

d. l,l,l,3,6,6,6-Heptanitro-3-aza-hexane 

e. N-3',V ,3'-Trinitropropyl-3,>,5,5-tetranitropiperidine 

f. 3,3,3-Trinitropropyl amine nitrate 

g. 3,3,5,7,7-Pentanitro-5-aza-nonane. 

The evaluation of six of ther^e compounds, together with three  compounds sub- 
mitted last quarter, has been completed and is included in this report, 

5.        The investigation of new surface-active agents for use 
in desensitizing RDX has been continued.    Values of hydrophile-lipophile 
balance (HLB) were compared with percents adsorbed on RDX from acetone-water 
for a large number of wetting agents supplied by the Atlas Pov.der Company. 
It has been found that high adsorption correlates fairly well with low HLB. 
Some of these new Atlas wetting agents show promise for use in the desensi- 
tization of RDX. 

II.      TECHNICAL PROGRESS;    SYNTHESIS OF NEW HIGH EXPLOSIVES 

A.        INTRODUCTION 

1. The present explosives program is directed toward ths 
synthesis of new,  stable,  high-energy polynitro compounds with a preferred 
oxygen balance on the positive side or very near zero on the negative side. 

2. This report deals mainly with the synthesis of aliphatic 
polyr.itronitr.Traines and heterocyclic polynitro compounds. 

Page 2 
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B. PREPARATION OF ALIPHATIC POLYNITRONITRAMINES 

1,        Preparation of 3t3t5»7,7-Pentanitro-5-azaHionane and 
ii,Uf6,8,c^Pentanitro--6--aza-undecane 

a. Discussion 

(1) The preparation of 2,2,U,6,6-pentanitro-l-aza- 
hoptane by the Mannich condensation of 2,2-dinitropropanol and ammonium 
acetate, followed by postnitration, has been previously reported.*   This 
reaction has now been extended to the synthesis of the next higher homologs, 
3,3»f>»7,7-pentanitro-£-aza-nonane    and u,U,6,8,8-pentanitro-6-aza-undecane. 
It was hoped that by increasing the carbon chain in this manner a waxy material 
might be obtained which would be suitable for the coating of RDX.    However, 
these new nitramines are not waxy, but crystalline. 

(2) Two moles of 2,2-dinitrobutanol condensed readily 
with ammonium acetate to form 3,3,7,7-tetranitro-$-aza-nonane (la),  a white 
crystalline compound, mp 66 to 67CC, I.S.  > 100 cm/2 kg.    Nitration of (la) 
with a mixture of 100,3 nitric acid and acetic anhydride gdV.; 3,3,5,7,7-penta- 
nitro-5-aza-nonane (Ila),  a white crystalline compound, mp 106 to 1C7°C, 
I.S.  >100 cm/2 kg. 

(3) Similarly, two moles of 2,2-dinitropentanol con- 
densed with ammonium acetate to form U,U,8,8-tetranitro-6-aza-undecane (lb),  a 
white crystalline compound, mp 100 to 100.5°C    Nitration of (lb) with a 
mixture of 100$ nitric acid and acetic anhydride gave U,U,6,8,0-pentanitro- 
6-aza-undecane (lib), a white crystalline compound, mp 101 to 103°C 

l°2 
2RCCH2OH + NH.0C0CH.j- 

N0„ 

N02 

RCCH, 

NC L"°2J 

-NH 

2 

HNO. 

Ac20 

f2 
RCCH, 

I    < 
NNO, 

(la), R - CH3CH2 

(lb), R - CH3CH2CH2 

(Ila), R - CH3CH2 

(lib), R - CH3CH2CH2 

b.        Experimental 

(1)      Preparation of 3,3,7,7-Tetranitrc-5-aza-nonane 

(a)      A mixture of 30.0 g (0.183 mole)  of 
2,2-cinitrobutanol, 00 ml of water,  and 30.0 g (0.39 mole)  of ammonium acetate 

Aerojet Report No. 621, p.  2. 
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was heated on the steam bath for 20 minutes.    The reaction mixture was cooled, 
and the prodact was collected and dried, giving 25.0 g (99i0  °f a cream-colored 
solid, mp 5? to 6l°C.    Recrystallization from isopropyl alcohol gave white 
plates, mp 66 to 67°C, I.S.   >100 cm/2 kg. 

Anal. Calc'd for CQH^N^OQ:    JSC, 31.07;  $R, U.89; *N, 22.65 

Found:    *C,  31.06;  *H, U.98;  %N, 21.73 

(2) Preparation of 3,3>5#7,7-Pentanitro-5-aza-nonane 

(a)      A mixture of 100 ml of acetic anhydride 
and 100 ml of 100* nitric acid was cooled to 5°C,  and 18 g (0.0582 mole)  of 
3»3,7,?-tetranitro-5-aza-nonane was added.    The solution was poured onto ice 
to five a white solid.    The product was collected, v-shed with water,  and dried 
in vacuo over potassium hydroxide.    The yield was quantitative, mp 97 to 99°C. 
Recrystallization from chloroform gave white plates, mp 106 to 107°C,  I.S. ^100 
cra/2 kg. 

Anal.   Calc'd for CQH^N^Q:    %C,  27.12;  #H,  3.98;  $N,  23.73 

Found:    %C,  27.17;  *H,  3.72;  %K,  22.7U 

Heat of Combustion, AH , Predicted: 3290 cal/g 

Found: 323U cal/g 

(3) Preparation of 2,2-Dinitropentanol 

(a)      In a 200-ml 3-necked flask,  fitted with a 
mechanical stirrer,  tnerraometer, and dropping funnel, was placed lU.8 g (0.1 
mole) of 1,1-dinitrobutane and U5 ml of water.    A solution of h.2 g (0.1 mole) 
of 95% sodium hydroxide in 15 ml of water was added drcpvlse,  keeping the 
temperature at 25°C by external cooling.    A quantity of 8.1 g (0.1 mole)  of 
37^ formalin was added dropwise, the reaction mixture was stirred for U5 
minutes,  and a solution of 5.1 g (0.05 mole)  of concentrated sulfuric acid 
in 10 ml of water was added dropwise at 25°C.    The solution was extracted with 
methylene chloride,  and the extract was dried and concentrated to give 11.6 g 
of oil. 

(U)  Preparation of u,U,8,8-Tetranitro-6-aza-undecane 

(a)      A quantity of 11.6 g of 2,2-dinitropentanol 
was warmed on the steam bath for 20 minutes with a solution of 11.6 g of am- 
monium acetate in 100 ml of water.    On cooling a solid precipitated, which was 
collected, washed with water,  and dried to give 6.2 g of a yellov/ solid, 
mp 81 to 65°C.    Recrystallization from ethanol ';ave white rods, mp 100 to 100.5°C. 

Anal. Calc'd for   C^H^^Og:    X,  35-6l; 3H, 5.68;  *N, 20.77 

Found:    %, 35.78; *H, 5.58;  *N, 19.75 

Page h 
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(5)      Preparation of U,U,6,8,8-P'?ntanitro-6-aza-undecane 

(a)       To a solution of 100 ml of 100$ nitric acid 
and 100 ml of acetic anhydride,  cooled to 5°C> was added 6.2 g of crude 
u,U,8,8-tetranitrc 6-aza-undecane.    The solution was poured on ice and a white 
snlid precipitated.    The product was collected, washed with water,  and dried 
to give 5.6 g of white solid, mp 65 to 70°C.    Two recrystallizations from 
carbon tetrar'nloride **aised the melting point to 101 to 103°C. 

Anal. Calc'd for ^H^NgO^:    %C,  31.U2;  $H, U.75;  %H,  21.99 

Found:    $C,  31.70; $H, 1.85;  $N,  21.22 

2. Purification of 1,1,1,U,6,6,8,11,11,11-Decanitro-h,3-diaza- 
undecane 

a. Discussion 

(l)      The preparation of 1,1,1,1,6,6,8,11,11,11-deca- 
nitrc-li,8-cliaza-ur.decane (III)  has bean previously reported.*   This compound 
was purified by recrystallization from hot concentrated nitric acid;  the mp 
was 135 to 137 C dec.    It has now been found that a purer compound, mp 157 to 
159 C dec, with a better analysis can be obtained by recrystallization at 
room temperature from 100$ nitric acid ana water, or methanol and water. 

b. Experimental 

(1)      1,1,1, U,6,6,6,11,11, ll-Decanitro-li,8-diaza- 
undecane was purified bv dissolving in 100$ distilled nitric acid at room 
temperature and adding just enough water to cause precipitation.    This pro- 
cedure gave a white crystalline solid,  I.S. • 5 to 10 cm/2 kg, mp 157 to l59°C 
dec.    A similar purification from methanol and water did not raise the melting 
point. 

Anal.  Calc'd for c
9

H
i2

N12°20: '<C'  l7*775  %H>  1»"'>  *N' 2l'6li 

Found: 5C, 18.29]   ''H,  2.02;  $N, 27.UO 

Heat of Combustion,  £H  ,  Predicted: 20U* cal/g 

Found: 1982,  198U cal/g 

3. Preparation of l,l,l,3,6,6,9,ll,ll,ll-Deeanitro-3,9-diaza- 
undecane 

a.        Discussion 

(1)      The Mannich condensation of 3,3-dinitro-l,5- 
pentanediamine with two moles of trinitroctlianol gave 1,1,1,6,6,11,11,11- 
octanitrc—3,9-diaza-undecane  (IV).    Nitration of (IT) with a mixture of 100$ 
nitric acid and acetic anhydride gave l,l,l,3,6,6,9,ll,ll,ll-decanitro-3,9- 
diaza-unuecane  (V). 

*Aero jet Report No.  66Q£ ©faFIDENTIAL 
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i - 

NO, 

CHgCHgNHg.HCl + 2HOCH2C(N02) 
r H 

2Na0H ) ^--JCH9CH5NCH9C(N09). 
NO, 

2 2  2 v 2'3 

(IV) 

HNO 

4^ 
N02 _    N02 

C— !CH2CH2NCH2C(N02)3 

N02 ~ 

(V) 

(V)  is a white crystalline compound, mp 170 to 175°C c'ec,  I.S. » 10 to 15 
cm/2 kg, with a calculated leau-block value of 177 and a calculated ballistic- 
mortar value of 155. 

(2)      Compound (V)   is isomeric with 1,1,1,U,6,6,8,11,11,11- 
deca.nitro-li,8-diaza-undscane (III): 

N0.r    NO, 

C— JCH2CH2..CH2C(N02)3 

(V) 

N0o _ N0o 
I 2 2 

C— 
I 
N0„ 

CH2NCH2CH2C(N02) | 

(III) 

This preparai ion provides another means    for comparing the properties of the 
N-nitro-N-trinitroethyl grouping with those of the N-nitro-N-trinitropropyl 
grouping. 

b.        Experimental 

(1)      Preparation of 1,1,1,6,6,11,11,11-Octanitro- 
3,9-diaza-undecane 

(a)      A solution of 26.5 g (0.1 mole)   of 
3,3-dinitro-l,$-pentanediamine dihydrochloride,  36.2  g (0.2 mole)  of tri- 
nitroethanol,  and 100 ml of water was placed in a 500-ml 3-neoked flask, 
fitted with a mechanical stirrer.    A  solution of Ul ml of U.8777N scdiura 
hydroxide (0.2 mole) was added dropv.ir-e  from a burette.    Ti;« aJ-lition of 

See also Aerojet Report Nc. 660, p.  8. 

Page 6 

CONFIDENTIAL 



CONFIDENTIAL 

II Technical Progress, B (cont.) Report No. 682 

the base caused a yellow solid to precipitate.    The product was collected, 
washed with water, and dried to give 3U g r.f yellow solid, mp 93 to 95°C dec. 

(2)      Preparation of 1,1,1,3,6,6,9,11,11,11-Decanitro- 
3,9-diaza-undecane 

(a)      A solution of 250 ml of 100* nitric acid 
and 250 ml of acetic anhydride was cooled to 5°C, and 3h g of 1,1,1,6,6,11,11,11- 
octanitrc—3,9-diaza-undecane was added.    The solution was poured on ice, 
causing a white  solid to precipitate.    The product was collected, washed with 
water,  and dried to yield 27.8 g, mp 110 to llu°C dec.    Two recrystallizations 
from hot 100# distilled nitric acid raised the melting point to 170 to 175°C 
dec, I.S. - 10 to 15 cm/2 kg. 

Anal. Calc'd for CoH^N^O^: %C, 17.77;  %H, 1.99;  #N, 27.6U 

Found: %C, 18,11;  *H, 2.00;  *N,  27.3U 

Heat of Combustion, AH , Predicted: 20UU cal/g 

Found: 1956, 1978 cal/g 

u.        Preparation cf l,l,l,3,5,7,7,7-Octanitro-3,5-diaza-heptane 

a.        Discussion 

(1) The condensation of 3,3,3-trinitropropyl amine 
with trinitroethanol,  2,2-dinitro-l,3-propanediol,  and 2,2,U,u-tetranitro- 
1,5-pentanediol has been described previously.*    The present phase of the work 
is a study of the condensation of methylene diamine with these polynitro- 
alcohols. 

(2) It has been found that methylene diamine will 
condense in an anhydrous medium with two moles of trinitroethanol to give 
l,l,l,7,7,7-hexanitro-3,5-diaza-heptane (VI),  a bright-yellow solid, mp 100 to 
105°C dec.    Nitration of (VI)  with a mixture of lOCfi nitric acid and acetic 
anhydride gave l,l,l,3,5»7,7,7-octanitro-3,5-diaza-heptane  (VII): 

CH2(NH2.HC1)2 + 2H0CH2C(N02)     + 2NaOCOCH3 

CH„ NCH2C(N02)3 

(VI) 

HNO3 
Ac20 

rwo2 

2C(N02,3 

(VII^ 

CH2JNCHoC(N0o) 

Aerojet Report No.  660, pp.  3-7. 
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(VII)   is a white crystalline compound, mp 8U to 85 C,  I.S. - 5 to 10 cm/2 kg, 
with an oxygen balance of +10.U.    When adjusted to zero oxygen balance with 
12. 3* TNT,  (VII)  has a calculated ballistic-mortar value of 156 and a calculated 
lead-block value of 196. 

(3)      The condensation of methylene diamine with bi- 
functional alcohols such as 2,2-dinitro-l,3-propanediol and 2,2,U,U-tetranitro- 
1,5-pentanediol gave gunnny products, indicating that polymerization took prece- 
dence    over the formation of the desired cyclized compounds.    For the present 
such compounds will not be investigated further, but the investigation may be 
resumed if new methods of conducting such reactions are discovered. 

b.        Experimental 

(1) Preparation of Methylene Diamine Dihydrochloride 

(a)      Methylene diformamide, 63.6 g (0.623 mcle), 
was dissolved in the minimum amount of concentrated hydrochloric acid at 12CC 
to give a clear solution.    After the solution was permitted to s4,and overnight, 
a white crystalline solid separated, which was collected and dried in vacuo 
over potassium hydroxide, yielding 31.1 g (Ul.8S), mp 230 to 2uO°C dec. 

(2) Preparation of 1,1,1,7,7,7-Hexanitro-3,5-diaza- 
heptane 

(a)      In a one-liter 3-necked flask,  fitted with 
a sealed mechanical stirrer,  reflux condenser with drying tube,  and dropping 
funnel, was placed 21.0 g (0.176 mole)  of methylene diamine dihydrochloride and 
600 ml of methanol.    On refluxing,  a clear solution was obtained.    The solution 
was cooled to room temperature,  and 63.9 g (0.352 mole)  or trinitroethanol was 
added.    A  solution of 28.9 g (0.352 mole)  of anhydrous sodium acetate in 300 ml 
of nethanol was added dropwise.    The yellow solution was allowed to stand over- 
night and concentrated in vacuo at U0°C.    The yellow solid residue was ex- 
tracted with absolute ethanol  and acetone, leaving 20.U g of sodium chloride 
(theoretical * 20.6 g).    The extracts were concentrated in vacun, leaving 
61.0 g (93.1*)   of yellcw solid, mp 100 to 105°C dec,  I.S. - U0 cm/2 kg. 

(3) Preparation cf 1.1,1,3,5,7,7,7-Octanitro-3,5-diaza- 
heptane 

(a)      A nitrating mixture of 250 ml of 10056 nitric 
acid and 250 ml of acetic anhydride was cooled to 5°C,  and U8.8  g (0.131 mole) 
of l,l,l,7,7,7-hexanitro-3,5-diaza-heptane was added.    The solution was stirred 
for 15 minutes and poured onto ice.    A white solid separated in about one hour; 
it was collected, washed with water,  and dried in vacuo over potassium hy- 
droxide, yielding lb.8 g (2U.U3), mp 75 to 79°C.    Recrvstallisation from 
cyclohexane raised the melting point to 8h to 85°C,  I.S. *  5 to 10 cm/2 kg. 

*Knudsen,  3er. U7, 2699 (19lU). 
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Anal. Calc'd for CcH6N10Ol6:    %C, 12.99; %R, 1.31; *N, 30.31 

Found:     JC, 13.Uk; %H, 1.23; *N, 30.US 

Heat of Combustion,  LR , Predicted:    lU27 cal/g 

Found:    lU23 cal/g 

C. PREPARATION OF 3,3,3-TRINITROPROPYL AMINE NITRATE 

1. Discussion 

a. 3,3,3-Trinitropropyl amine hydrochloride has been pre- 
pared by treating 3,3,3-trinitropropyl isocyanate with concentrated hydrochloric 
acid.*    Because of its favorable oxygen balance it was of interest to synthesize 
the corresponding nitrate salt and evaluate its physical properties. 

b. 3,3,3-Trinitropropyl amine nitrate was prepared by 
treating 3,3,3-trinitropropyl isocyanate with 35£ nitric acid.    The nitrate 
salt is a white crystalline compound, mp 130 to 133°C dec,  I.S. - 90 cm/2 kg, 
with a calculated ballistic-mortar value of 1U3.7 and a calculated lead-block 
value of 170.9. 

2. Experimental 

a.        A mixture of 6.6 g (0.03 mole)  of 3,3,3-trinitropropyl 
isocyanate with $0 ml of 3$% nitric acid was heated on the steam bath for three 
hours.    The solution was concentrated in vacuo to ^ive a white solid.    The 
product was collected, washed v.lth ether,  and dried,  yielding 6.6 g (8$.7£), 
mp 130 to I33CC dec, I.S. - 90 cra/2 kg.    Recr; stallization from a mixture of 
ethyl acetate and ether did not raise the melting point. 

Anal. Calc'd for C^N^O-:    %,  lU.Olj  5H,  2.7U;  *N,  27.2h 

Found:    «£, lU.09;  *H,  2.80;   IN,  26.58 

Heat of Combustion,  LH  , Predicted:    1706 cal/g 

Found:    l6$U, 1659 cal/g 

D. PREPARATION OF HiTERXYCLIC POLYNITRO CO; POUNDS 

1.        Preparation of l,3,5-tris(3',3',3'-Trinitropropyl)-hexahydro- 
1,3,5-triazlne 

a.        Discussion 

(1)      In continuation of the study of the reactions of 
3,3,3-trinitropropyl amine, the condensation of this amine with formaldehyde 

Aerojet Report No. 660, p.  2. 
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was investigated.    It was found that three moles of 3,3,3-trinitropropyl amine 
condensed with three moles of formaldehyde to form the cyclic trimer,  tris- 
l,3,!W3S3S3,-trinitropropyl)-hexahydro-l,3,5-triazine (VIII). 

3(N02)3CCH2CH2NH2.HC1 + 3CH20    •3NaA°> (NO^CCHgCHgN'    2NNCH2CH2C(N02)3 

CH-   CH 

N 

CH2CH2C(N02)3 

(VIII) 

(VIII)   is a yellow crystalline compound, mp 121 to 123 C dec,  I.S. • 9 cm/2 
kg, with a calculated ballistic-mortar value of lUo and a calculated lead- 
block value of 130. 

b.        Experimental 

(1)       In a 300 ml three-necked flask,  fitted with a 
mechanical stirrer and dropping funnel, was placed Jk,$ g (0.1$ mole)  of 
3,3,3-trinitropropyl amine hydrochloride,  75 ml of water,  and 12.1 g (0.15 
mole)  of 37% formaldehyde.    To this solution was added dropwise  a solution of 
12.3 g (0.1$ mole)  of sodium acetate in $0 ml of water.    A yellow solid was 
immediately precipitated, which was collected, washed with water,  and dried, 
to give 30.7 g (9?J\%)  of product, mp 118 to 123°C dec, I.S . - 9 cm/2 kg. 
Recrystallization from a lart-e volume of methanol gave yellow plates, mp 1?1 to 
123°C dec, 

Anal.  Calc'd for C12Hl8N120l8: %C, 23.31; $H,  2.93;  $N,  27.19 

Found: ?£, 23.78j  %R,  2.88;  *N, 27.21 

Molecular weight, Calculated: 6l8 

Found: 600,  570 

2.        Preparation of   l,3-bi8(3' ,3' ,3'-Trinitropropyl)-5,S-dinitro- 
hex ahydro- 1,3-diazine 

a.   Discussion 

(l)       It has been shown that the  condensation of 
3,3,3-trinitrcpropyl arcine with formaldehyde gave l,3,$-tris(3* ,3' ,3'-trlnit.ro- 
propyl)-hexahydro-l,3,$-triazine  (Section II,D,1), while the condensation of 
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3,3,3-trinitropropyl amine and 2,2-dinitro-l,3-propanediol yielded 1,1,1,6,6, 
11,11,11-octanitrc—U,8-diaza-undecane.*   This work prompted a study of the 
condensation of l,l,l,6,6,ll,ll,ll-octanitro-U,8-diaza-undecane (IX) wrt> 
formaldehyde.    The product obtained from this condensation, according to its 
analysis, was postulated to be the desired 1,3-bis(3',3'$ 3'-trlnitropropyl)- 
5»5-dinitro-hexahydro-l,3-diazine (X). 

NO, N02 »2 
1   c' ~        -i • 2NaQH X   / 

N0„ CHrt CH 

C—[CHgOHL + 2  (N02) 3CCH2CH2NH2»HC1    ^Na0H) C 
\ 

2 T"2    ?"2 
(N02)3CCH2CH2N     NCH2CH2C(N02) 

H     H 

(IX) 

NO 

CH20 

</ 
2 N°2 V 

CH,    CH2 
(N02)3CCH2CH2N     NCH2CH2C(N02)3 

CH2 

(X) 

(X)   is a yellow crystalline compound, mp 119 to 121 C dec,  I.S. =  5 to 10 
cm/2 kg, with a calculated ballistic-mortar value of 157 and a calculated lead- 
block value of 153. 

b.        Experimental 

(1)      In a 300-ml three-necked flask,  fitted with a 
mechanical  stirrer, was placed 12.u g (0.075 mole)  of 2,?-dinitro-l,3-propane- 
diol,  3U.5 g (0.15 mole)  of 3,3,3-trinitropropyl amine hydrochloride,  and 75 nil 
of water.    To this solution was added dropwise 30.7 ml of U.8777N sodium hy- 
droxide solution (0.15 mole).    After stirring for 15 minuses a yellow solid had 
separated.    The water was decan+^d and the product was wa'oer-washed by decanta- 
tion.    The  solid was dissolved in 200 ml of hot raethanol,  cooled to 30°C,  and 
12.1 g (0.15 mole)  of 37!? formaliji was added.    The reaction mixture was stirred 
for one hour;   at this time 16.2  g (li0.8?Qof i 1 fjht-yellow j:o"Hd had ncparated, 

Aerojet Report No.  660, p. 5. 
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mp llU to 118 C dec. Evaporation of the methanol solution gave a trace of 
brown solid. Recrystallization of the product from chloroform gave' yellow 
rods, mp 119 to 121°C dec,  I.S. - 5 to* 10 cm/2 kg. 

Anal. Calc'd for C]0
Hil4

N
1o0l6:    *C» 22.65;  t&, 2.66;  *N, 26.1*2 

Found:    #C, 22.95;  %R, 2.65; %S, 26.72 

E. PREPARATION OF SAMPLES FOR EVALUATION BY THE NAVAL ORDNANCE 
LABORATORY 

ls        The following samples were prepared and submitted to the Naval 
Ordnance Laboratory for evaluation: 

a. l,l,l,u,6,6,8,ll,ll,ll,-Decanitro-U,8-diaza-undecane, 
2 g, mp 157 to 159°C dec,  I.S. - 5 to 10 cm/2 kg. 

b. l,l,l,3,6;6,9,ll,ll,ll-Decanitro-3,9-diaza-undecane, 
7 g, mp 170 to 175°C dec, I.S. - 10 to 15 cm/2 kg. 

c. 1,1,1,3,5,7,7,7-Octanitro-3,5-diaza-heptane, 1 g, 
mp 85 to 86°C, I.S. - 5 to 10 cm/2 kg. 

d. l,l,l,3,6,6,6-Heptanitro-3-aza-hexane, 5.7 g, mp lWi 
to lU5°C,  I.S. - 1 cm/2 kg. 

e. N-01,3',3'-Trinitropropy^-3,3,5»5-tetranitropiperidine, 
5 g, mp lUU to lU6°C dec, I.S. - 25 cm/2 kg. 

f«        3,3,3-Trinitropropvl amine nitrate,  U.3 g, mp 132 to 
13U C dec,  I.S. - 90 cm/2 kg. 

g. 3,3,5,7,7-Pentanitro-5-aza-nonane,  2 g, mp 107 to 108 C, 
I.S.   > 100 cra/2 kg. 

2.        The conclusions reached by the Naval Ordnance Laboratory with 
respect to three of the compounds submitted last quarter and six of the compounds 
submitted this quarter are given below.    The data are  summarized in Table I and 
the SPIA data sheets in the appendix. 

a.        l,l,l,3,6,6,6-Heptanitro-3-aza-hexane (A52-11) 

(1)      A52-11 is a primary exj.lo.sive slightly more sensi- 
tive to impact than either mercury fulminate or lead azide.    It possesses moder- 
ate thermal  stability.    As a primary explosive it is not initiated readily by a 
hot wire, which makes it unsuitable for use in electric detonators.    The com- 
pound is being further evaluated as a primary explosive  for stab initiation. 
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<>- 
b. l,l,l,L,6,6-Hexanitro-l4-aza-heptane (A52-12) 

c. l,l,l,3,6,6-Hexanitro-3-aza-heptane (A52-13) 

A52-12 and A02-13 are isomeric, A52-12 containing the 
3,3,3-trinitropropylmtramino grouping and A$2-13 the 2,2,2-trinitroethyl- 
nitramino grouping.    Unfortunately, both compounds melt, with decomposition, 
slightly above 100°C,  and as'night be expected, were unstable at 100°C,   al- 
though A52-13 appeared to decompose at a much faster rate and also to possess 
a loTrer ignition temperature than A52-12.    The difference in impact sensitive- 
ness is within the ranje of experimental error and has little significance. 

d. N-Ol,3,,3'-Trinitropropy^-3,3,5,5-tetranitropiperidine 
(A52-1U) 

A52-1U is the third derivative of 3,3,5,5-tetranitro- 
piperidine which has been evaluated. Unfortunately, all the derivatives were 
very unstable thermally. 

e. 3,3,3-Trinitropropyl Amine Nitrate (A^2-l5) 

A52-l$ possesses poor thermal stability and is quite 

3,3,5»7,7-Pentanitro-5-aza-nonane (A52-16) 

A52-16 has good thermal  stability and is not very 

l,l,l,U,6,6,8,ll,ll,ll-Decanitro-U,8-diaza-undecane 
A53-1) 

l,l,l,3,6,6,9,ll,ll,ll-Decanitro-3,9-ciiaza-undecane 
(A53-2) 

l,l,l,3,5,7,7,7-Octanitro-3,5-diaza-heptane (A$3-3) 

The sensitivities of A$3-l, A$3-2,  and A£3-3 are  such 
that their ap/lication is questionable.    The poor therr.al  stability of A$3-3 
now seems to be typical of trinitroethyl nitrrminss at temperatures above their 
melting points. 

sensitive to impact, 

f. 

sensitive to impact, 

g. 

h. 

i. 
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III. DES5NSITIZATI0H OF RDX 

A.        EVALUATION OF SURFACE-ACTIVE AGENTS 

1.        Discussion 

a. A new test of surface activity was employed to evaluate 
a large number of surface-active agents for possible use in the desensitization 
of RDX.    To determine which agent is best,  it is necessary to decide what dis- 
tinguishes a good surface-active agent for this application.    Apparently this 
question cannot be answered in terms of fundamental physical quantities.    As an 
indirect approach,  a test nay be selected whose results are believed to corre- 
late with good surface activity, a large number of agents may be subjected to 
this test, and it may be determined whether the agents known to be good are 
distinguished by the test. 

b. The extent of adsorption on RDX, under conditions com- 
parable to those of actual use, seemed to provide such a test.    Previous work 
in coating with nitropolymers from solution using Span 85,  known to be a good 
surface-active agent,  had shown that several percent of Span 85 (on basis of 
RDX) was needed to produce optimum results,  and that most of the Span was ad- 
sorbed on the RDX, with only a small amount left in the liquid phase. 

c. Preliminary experiments in a medium of ethanol and 
water have been described in Report No. 660.    They showed that Span 85 gave 
a relatively high adsorption (25£ average)  in comparison with, for example, 
Tween 20  (6%) •    However,  it was desirable to enlarge the spread of values be- 
tween good and bad agents,  in order to obtain greater distinction. 

d. In the work of the current quarter, the change was 
made to a medium of acetone and water.    In the new medium, values of the ad- 
sorption of Span 85» while not satisfactorily reproducible, were larger on the 
average than the amounts adsorbed from ethanol and water.    However,  for some 
other agents the values of adsorption were consistently reproducible.    For a 
broader view of the usefulness of the test, it was applied, in this new form, 
usinj-' the acetone-water medium,  to a group of 37 other surface-active agents. 
Uost of these were experimental materials of various ciiemical types provided 
by the Atlas Powder Company.    The percent of each agent adsorbed on RDX from 
the acetone-water medium was measured,  as was the impact stability of RDX plus 
the adherent agent. 

e. To show the effect of concentration of surface-active 
agent on its distribution between liquid and solid in this test, other trials 
were made with about l/2  and l/5 the amounts of agent used in the standard pro- 
cedure.    Unfortunately, the agents tested were Span 85 and one other of similar 
behavior,  and poor reproducibility obscured the meaning of the results. 

f. A comparison was also made between the values of per- 
cent adsorbed and the values of "hydrophile-lipophile balance" (HLB)  for all 
agents from the Atlas Powder Company for which these figures are available. 
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g.        In a separate experiment the amounts adsorbed on RDX 
from a vrater-acetone-ethyl acetate medium of Span 85 alone were compared with 
the amounts adsorbed in the presence of precipitating polyurethane I-A.    The 
counts were similar,  and possibly identical within experimental error. 

2.   Conclusions 

a.        Consideration of the results of the  standard adsorption 
test with acetone-water for the whole body of agents showed them to fall into 
fairly distinct groups, distinguished as follows: 

Type  Behavior in Medium 

(1) Several types Solution 

(2) Several types        Suspension 

(3) Esters Suspension 

(h) Esters Suspension + separate 
oil phase 

*  * 
Adsorbed 

Impact Stability 
cn/2 kg 

3-16 20-50 

U-30 30-U5 

16-91 35-> ioo 

85-99 >100 

Recovery of original agent, which is 5%  of RDX. 

**30 cm/2 kg for RDX. 

b. Probably the best agents lie in Group (3), which in- 
cludes Span 85 and Prosol 307, among others. It is believed that the separa- 
tion of a distinct oil layer noted in agents of Group (U) shows too high a 
lipophilic tendency and is a disadvantage. 

c. Trials showed that the reproducibility of the test, 
using three agents from Group (3), was very poor (16 to 13%  adsorbed for Span 
85). Trials with single agents from each of the other groups showed the re- 
producibility to be good. 

d. The poor reproducibility of the test for compounds in 
Group (3) mirrht be considered to result from a delicate balance between the 
tendency to remain suspended and the tendency to adhere to RDX, with a small 
influence sufficing to swing the balance either way. In Groups (1) and (2) the 
former tendency predominates, and in Group (U) the latter. 

e. Considering the relation of impact stability to percent 
adsorbed, there is a narrow margin between negligible and sizable desensitiza- 
tion within the adsorption range covered by agents of Group (3). This transi- 
tion occurs at an adsorption of about h0%  in the standard procedure (i.e., for 
adsorption of about 2%  of the RDX, on an absolute basis). This relation 
appears to be independent of the chemical or physical nature of the agents. 
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f• These data emphasize the fact that in work to date on 
coating RDX with nitropolymers, a large share of the desensitization has been 
provided by the surface-active agent. The need for new and better nitro-com- 
pound coatings is emphasized. 

g.        The percentage adsorbed correlates roughly with the 
Atlas hydrophile-lipophilo balance.    All compounds for which the standard pro- 
cedure gives adsorptions of 15% or greater have low HLB values, i.e., less than 
6.    All evidence to date indicates that these are the most useful compounds. 
(On the other hand,  two compounds  shew lov HLB values combined with low per- 
centages adsorbed.) 

3.        Experimental 

a. The adsorption of 0.15 g of surface-active agent on 
3.00 g RDX from a medium of 5 ml acetone plus 10 ml water was determined,  for 
38 surface-active agents, by the method described in detail in Report No. 660. 
Froiii each experiment, portions of RDX plus adherent a^ent were set aside, dried, 
and tested for impact stability with the Bureau of Mines apparatus.    Allowance 
was made for the removal of these portions  Ln the calculation of percents ad- 
sorbed.    Results of these experiments are summarized in Table II. 

b. For several of the agents - Span 8$,  G-9k9, Prosol-307, 
G-1226, G-2266,  and G-1071 - the experiment was repeated once or more to test 
the reproducibility of the method.    Results of these replicate experiments are 
also summarized in the table. 

c. The effect on adsorption of diminishing the amount of 
surface-active agent from S% of the RDX (in the standard procedure of a,  above) 
to 2-1/2 and 1% was  investigated.    A few results obtained with Span 85 and 
G-9h9 are given in Table III. 

d. Values of the hydrophile-lipophile balance (!LLB)  for 
many of the agents listed in Table II were provided by the Atlas Powder 
Company.    Table IV lists these HLB values, comparing them with percentages ad- 
sorbed from Table II. 

e. In a separate experiment, 0.083 g of Span 85 was dis- 
solved in 10 ml acetone ix. a 100 ml flask.    To this was added 30 ml water,  and 
2.00 g RDX was suspended in the mixture.    It was stirred for 5 minutes,  and 
0.10 g polyurethane I-A dissolved in k ml ethyl acetate was added slowly over 
an interval of 15 minutes.    The solid phase was separated and dried,  and the 
adsorbed Span 85 was recovered by the ucual extraction procedures.    The amount 
adsorbed was 06%,    In a parallel experiment,  similar in every reflect except 
that ethyl acetate alone, with no dissolved polymer, was added, the amount ad- 
sorbed y/as 735^. 
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TAPLE II 

ADSORPTION OK SORFACE-ACnv.'  «•' TS ON RDX 

(Adsorption of 0.15 g sgent on 3.00 g RDX rroa a oedlur. of 5 «1 icetone • 10 nl water) 

Appearance of X I.S. 
ton Agent Type Physical For» Agent in liedlua 

Solution 

Adsorbed 

5 

ca/2 kg 

20-25 11/7/1 Atlas C-3910 Polyoxyethylene fatty alcohol fluid suspension 
11/7/2 Atlas 0-3915 Polyo xyethyl sr.o fatly alcohol Fluid suspension Solution 3 bo 
11/7/3 Atlas 0-3920 Polyo xjsthylene fatty alcohol Kuan Solution 7 25 
11/12/1 9ri< 30 Polyoxyethylene fatty alcohol Liquid Solution 7 ?5 
11/13/1 BrlJ 35 Polyo xyethylene fatty alcohol Wax Solution 6 35-Lo 
11/lu/l 
11/6/2 

AtlM 0-1690 Pol yoxyethylene alkyl aryl ethar Liquid Solution e 35-1.0 
Atlas 0-1065 Polvoxyethylene eorbltol aster Liquid Solution 6 30-35 .. 

11/1U/2 AtlM 0-1071 Polyoxyothylene sorbltol aster Liquid Suspension • oil 90 >100 (30) 
1/2/1 91 _ 
1/2/2 
ll/l7/l Atlas 0-1077 Polyoxyothylene sorbltol ester Liquid Suspen5ion 

35 
lb 35-U5 

11/17/2 AtlM 0-1083 Polvoxyethylene sorbltol ester Liquid Solution 7 30-35 
11/17/3 AtlM G-1085 Polyo xyethylene sorbltol ester Liquid Solution or suspension 9 30 
11/17A AtlM 0-1086 Polyoxyethylene sorbltol ester Liquid Solution or suspension 9 35-U) 
11/18/1 AtlM 0-1087 Polyo xyethylene sorbltol ester Liquid Suspension 6 30-35 
11/18/2 AtlM 3-1095 Polyoxyethylene norbltol ester Liquid Solution 8 30-35 
11/21/1 AtlM 3-1096 Polyoxyethylene sorbitol ester Liquid Solution 11 30-5C 
11/21/2 AtlM C-2139 Polyo xyethylene fatty acid Liquid Suspension 30 Uo-b5 
11/2V1 AtlM 0-21U0 Polyoxyethylene fatty acid Liquid Suspe  s! on 12 :5-uo 
11/2U/2 AtlM 0 21U2 Pclyo xyethylene fatty acid Liquid Solution 3 35-uo 
11/21./3 AtlM 0-2lUi Polyoxyethylene fatty acid Kuan Solution 5 30-35 
ll/2u/u 
1/2/3 
1/2A 

AtlM 0-2266 Polyo xyethylene fatty-acid aster Hush Suspension 9 30-35 

3 _ 
1V2V5 AtlM 0-2269 Polyoxyethylene fatty-acid ester lax Solution 5 bo 
11/2V6 AtlM  0-1216 Pclvoxyetl./l^ne tall oil Liquid Suspension 6 

30-li5 1V2S/1 AtlM 0-1226 Polyoxyethylene tall oil Liquid S-'lution 5 
175/1 u   
1/5/2 
11/25/2 I — 

AtlM 0-123L Polyoxyethylene reclnoloate Liquid Solution Uo-15 
11/25/3 Atlas 0-1286 Polyo xyethylene rec inoleate Wax Solution 1. 30-35 
11/25A Atlas 0-2 71 Catlonle Liquid Solution or suspension 6 Uo-liS 
11/26/1 AtlM 0-263 Catlonlc Liquid 

(• slight precipitate) 
Solution u 35 

11/26/2 Atlas 0-650 Sorbltan ester Liq iid-BU8h Suspension 6 Uo 
11/5/2 Atlas 0-9L9 Sorbltan e*ter Liquid Suspension 73 >10C 
12/1 "A 37 35-Lo 
12/23/2 U3 — 
11/2V3 AtlM 0-992 Sorbltan ester Liqiid Suspen?'.   i li 30-35 
11/26/L Arlacel C Sorbltar. ester Liqjld Surpensi ' 8 30-35 
11/26/1 XNO Sorbltan ester Llqjid Suspension 11 30-35 „ 
11/3/1 Span 85 Sorbltan ester Liquid Suspension 61 100 (25) 
12/13/1 16 — 
12/19/2 21 — 
12/22/2 63 130 
12/22/3 37 35-50 
12/22A 17 bS-50 
11/23/2 Atlas 3-3865 Polyoryethy lone fatty aelne Liquid Solution 5 30-U5 
11/5/3 AtlM 0-3785 Polyoxythylene fatty aside Liquid-c-sh Solution 16 35-Uo 
11/28/3 Atlas 0-3300 Al*yl aryl s^lfonate Liquid Solution 3 35-bO 
U/5/1 Prosol 307 Polyflycol  ester Li.), id Sus.-er.slon 72 >100 

91 >100 
11/6/1 Proso] DO 106 Polyrlycol estej Liquid Suspension • oil 99 >100 

#Por RDX,  30 ca/2 kg. 

On 5/0 sandpaper. 

TAPIJ: ::i 

EFFECT OF DECRZACINO THE AMO'JNTS OF SJRFACE-ACTIVE A'JEOTS ON TKEI8 
ADSORPTION OS RDX 

(Adsorption on 3.00 g RD.T froa a •ediuB of 5 «1 acetone • 10 si water) 

Run Agent _T2pe_ 
I Agent Appearance of * 

;RDX Basis)    Agent in ''edlua   Adsorbed 

12/18/2 Span 85 Sorbltan oster 2.5 

12/23/1 

12/18/3 Span 85 Sorbltan ester ca.  1 

12/19/1 0-9U9 Sorbltan ester 2.5 

Suspension 10 

lb 

Suspension 7 

Suspension 33 
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TABLE IV 

HYDROPHILE-IIPOPHILE BALANCES OF SOLS SURFACE-ACTIVE AGENTS, 
ANT! THEIR RELATION TO AMOUNTS ADSORBED ON RDX (FROM TADLE I) 

% % 
Agent HLB Adsorbed Agent HLB_ Adsorbed 

G-3910 12.2 5 G-2llo2 11.1 3 
G-3915 lU.l 3 G-21UL 15.0 5 
G-3920 15.2 7 G-1216 8.1* 6 
G-1C65 8.5 c 1226 13.5 5 
G-1071 5.3 85-91 0-128U 13.5 h 
G-1077 8.0 1U G-1286 1U.0 L 
G-1083 13.8 7 G-263 35-Uo h 
VJ— 1UUJ 11.3 9 G-650 2.5 6 
G-1086 10.2 9 G-9U9 3.7 37-73 
G-1087 9.2 6 G-992 2.7 h 
G-1095 12. h 8 — — — 
G-1096 11.U 11 Arlacel C 3.7 8 
G-2139 5.1 30 Span 85 1.8 16-63 
G-2lbO 8.0 12 0-3865 13.0 5 

— — — G-3300 11.7 3 

B. THE COAT
T
;;:] OF RDX 

1. Discussion 

a. Two  samples of desensitized RDX, S-23U and S-235, pre- 
pared last quarter,* have been evaluated by the Naval Ordnance Laboratory.    The 
RDX was densitized using a 10? coating, applied from solution at 85°C, of a co- 
polymer containing 90% 2,2-dinitrobutyl acrylate and 10£ 2-nitrobutyl acrylate 
with 2,$% Span 85 as a wetting agent.    The impact sensitivities of A-23U and 
S-235 were found to be 56 and 1*3 centimeters, respectively.    The sensitivity of 
Composition A by this procedure,  in which a 2.5_l<ilogram reifht was used, was 
59 centimeters.    The detonation rate vs density curve for each of these samples 
will be determined by NOL. 

b. A new batch of RDX, Wabash Lot No. 119, has been re- 
ceived.    The desensitization was carried out in the same manner as was used on 
S-23U and S-235* but the results were not as good.    The new RDX coated with 
the co-polymer gave a vlue of 25 to 30 cm/2 kg on 5/o sandpaper, as compared 
with the previous values of 30 to 50 cm/2 kg.    This may be attributed to the 
fact that, the  average particle size of the new batch of RDX is smaller than that 
of the old. 

Aerojet Report No.  660, p.  36. 
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c. Six new compounds, 3,3,7,7-tetranitro-5-aza-nonane, 
3,3,5,7,7-pentanitro-5-aza-nonane, U,h,8,8-tetranitro-6-aza-undecane, 
U,h,6,8,8-pentanitro-6-aza-undecane, dimethyl Li,!a,12,12-tetranitro-7,9-diaza- 
6-keto-pentadecanedioate, and 5,5-dinitrovalerolactone were tried as coating 
agents for RDX, using Span 85 as a wetting agent.    Some desensitization was 
achieved, the best result being obtained with 3»3,5,7,7-pentanitro-5-aza- 
nonane, which gave an impact stability of 30 to 35 cm/2 kg on 5/o sandpaper. 

d. In the evaluation of new surface-active agents (III»A) 
some promising new wetting agents were discovered.    Four of these Atlas wetting 
agents were tested in the coating of RDX with poly 2,2-dinitrobutyl acrylate. 
The impact stabilities of the coated samples ranged from 60 to 100 cm/2 kg, 
which was an improvement over the runs in which Span 85 (I.S. • 60 to 65 cm/2 
kg) was used.    These new wetting agents will be evaluated further, particularly 
in the case of the co-polymer of 2,2-dinitrobutyl acrylate and 2-nitrobutyl 
acrylate. 

2.        Experimental 

a.        In a 500-ml resin pot,  fitted with a mechanical stirrer, 
dropping funnel,  and thermometer, was placed 50 ml of water.    Stirring was 
started, the water was heated to 85°C on the steam bath,  and the wetting agent 
was added.    After two minutes the RDX was added.    In five minutes a solution 
of the coating agent in 25 ml of methyl isobutyl ketone (acetone was used as 
the solvent in S-256 and S-257) was added dropwise.    After all the solvent had 
been removed by azeotropic distillation,  the coated RDX was collected, washed 
with water,  and dried.    The experimental results are summarized in Table V. 

IV.      DEVELOP.MENT OF BOLB AND SH5LL CASINGS tiADE OF AN EXPLOSIVE PLASTIC 

The third objective of the explosives program is the development of bomb 
and shell casings made of an explosive plastic.    Thus,  if a nitropolymer were 
used for the casing instead of metal, the explosive plastic would contribute 
toward the force of the explosion rather than being merely dead weight.    Up to 
the present, this phase of the program has received little priority,  since it 
is dependent on the progress made on the synthesis of nitropolymers which have 
physical and mechanical properties suitable for use in a bomb or shell casing. 
Until the middle of last year, the only nitropolymers prepared were too low in 
molecular weight to possess enough physical and nechanical strength for use as 
explosive plastics.    Recent work on the nitropolymer program has shown that the 
use of chelated metals as catalysts in polyurethane formation has made it pos- 
sible to obtain nitropolymers with a molecular weight of 50,000 which have con- 
siderably improved physical and mechanical properties.*   At this point it  is 
-ostible to initiate some work on Phase Three of the explosives program,  and 
in the  future the development of exploaJvo plastics will be reported. 

Aerojet Report No. 663, p» 13. 
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TABLE V 

DESEKSITIZATION OF RDX 

* I.S. ,  cm/2 kg 
Sample Coating * Wetting Wetting Temp Water/RDX 5/o 
No. Agent Co at in)? \       Agent Agent °C Ratio Regular Sandpaper 

S-2U0 1 10 Span 85 2.5 85 2.5/1 55-60 _— 
S-2ll 2 10 Span 85 2.5 85 2.5/1 100 30-35 
S-2U2 90* DNBA? 

10* HNBAU 
f0 10 Span 85 0.5 85 2.5/1 100 25 

S-2U35 DNBA 10 Span 85 2.5 85 2.5/1 60-65 
S-2U6 DNBA 10 Span 85 2.5 85 2.5/1 60-65 — 
S-2hli 9C* DNBA 

10* ItNBA 10 Span 85 2.5 85 2.5/1 >100 20-25 
S-2U7 10* HNBft. 10 Span 85 2.5 85 2.5/1 >100 25-30 
S-2U5 80* DNBA 

20* iiNBA 10 Span 85 2.5 85 2.5/1 >100 25-30 
S-2U8 20* ;;NBA 10 Span 85 2.5 85 2.5/1 >100 25-30 
S-2U9 20* MNBA 10 Span 85 2.5 85 12.5/1 >100 25-30 
S-250 6 10 Span 85 2.5 85 2.5/1 >100 25-30 
S-251 7 10 Span 85 2.5 85 2.5/1 Moo 25-30 
S-252 DNBA 10 Atlas G-1077 2.5 85 2.5/1 75-80 — 
S-253 DNBA 10 Atla?. G-2139 2.5 85 2.5/1 75-80 — 
S-251 DNBA 10 Atlas G-9U9 2.5 85 2.5/1 ICO — 
s-255 DNBA 10 Atlas G-3785 2.5 85 2.5/1 85-90 — 
S-256 8 10 Span 85 2.5 85 2.5/1 60-65 — 
s-257 9 10 Span 85 2.5 85 2.5/1 90-95 — 

3. 

8 

'3>3»7,7-Tetranitro-5-aza-nonane. 

"3»3,5»7,7-Pentanitro-5-aza-nonane. 

2,2-Dinitrobutyl acr;-late. 

"^-Nitrobutyl acrylate. 

^Starting with S-2U3 a new batch of RDX, Wabash Lot No.  119, was used. 

U,h,8,8-Tetranitro-6-aza-undecane 

U,U,6,8,8-Pentanitro-6-aza-undecane. 

Dimethyl U,U,12,12-tetr?nitro-7,9-diaza-8-keto-pentadecaneuioate  (Aerojet Report 
in press). 

5,5-Dinitrovalerolactone,  Klager,  J.  0rg»  Chem.  16,  161 (1951). 
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Data Questionnaire on 

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANT3 AND OTHER EXPLOSIVES 

Listed below are *h« characteristics which are believed to be of importance in th« study of a compound 
which amy possibly be used as a constituent of solid propellants off other explosives.  It Is not expected 
that all this information will be available for every compound. Tax  example, with a compound showing poor, 
stability it is probably not advisable is investigate that compouivl farther. After placing such informati 
as is available for a compound which you have prepared or tested on one of these forms, sen! it to SOUS 
PHOPBLLAHT IHTOHMATIOS AGENCY, AFl/J3Uf. 3621 Georgia Avenue, Silver Soring., Maryland. As additional infor- 
mation on the same or new compounds accrues, forward it on a similar form at a later date, the information 
submitted on these forms will be rewritten and published by SFIA in loose-leaf manual form. These forms 
may also be used as work or data sheets for your experimental studies. Extra cobles are available upoa 
request f*om 8?IA.  Suggestions for improvement of these forms are invited.  If Insufficient space has been 
provided for any item, attach separate sheets. 

COMPOUND: 
Namel^l#l>3<6>6J0-Heptanltro-3-azaF-hexane Information submitted by: 
Empirical formula "i^H^flgUii, Activity Aerojet Engineering Corporation 
Structure: (configuration) Person   MJB, Pranked and L.T.  Carleton 

N00 Date       iu DeceiiibirT~l9Jr2 

(N02)3CCH2CH2NCH2C(N02h 

(N02)3CCH2CH2NH2«HC1 + HOCH^CNC^K 

Preparation reaction(s):     

NaCH 
HNO 

> (N02)3CCH2CH2NCH2C(N02) h 
N02 

TN~02) 1CCH2CH2^GH2C (N02). 

1.    Quantitative anaiysis:(< by weight) 
Carbon 

Calculated from formula llj.93 
By determination 1^.91 

Hydrogen 
1.50 

 1.60 

Oxygen 
55.71 

Nitroge 
27. 
28.13 

2.     Burning properties;(compared to nitrocellulose, under nitrogen at atmospheric  pressure:) 

(fester?      slower?       residue?    etc.) 
3,    Stability and Sensitivity: plot any graphs on 

separate sheet 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 
f.  
g. impact Stability 
h. 

Recommended method 

OcifiX} J4C/1 p.B 
NOL   QHttMtt|ttbS 

OSRD 3401 p.6 
NOL   oeoaxMtlqDAc 

Plscuss methods used when they vary 
from references.    Give temperature used. 
(Use separate sheet if necessary.) 

2.5-kg weight  

U8 hr at lOO^C 

Bureau of Mines Bull, No. 3fi6, p. 72;   2-kg weight 

Reference cocapuund_ 
RESULTS OF ABOVE TESTS 

(designation-TKT, Tetryl,  N.C.,  etc.) 
a. Tetryl, 32 cn/2.5 kg  
h.  
c.  
d.   
e.   
f.  
K- RDX.  3Q cin/2 kg ~  
h. 

New Compound test results 

6.0 ciq/2.5 kg  

2.98 oc/g 

i oA°n 

l-Z cm 

Heat of formation: (AH) +     -28.1         Kg, calories at 25PC, 1 atm. pressure 
(indicate sTjgh") 

Page 1 
Appendix 

CONFIDENTIAL 



CONFI DE N TIAL 
Report No. 682 

3PIA/M3 

By Experiment By Calculation 

1609 

cal/gm  

cal/gm       l6ll 

lb-sec/lb 

Method 
    ..«m «r ft*   .. 

Aerojet Report No. U17A 

5. Energy of explosion (O) 
let 2?or. HjO llculdj     

6. Heat of combustion (Hc) 
(•t 25«*. H20 liquid! 

7. Specific Impulse (Isp) calc: 

8. Physical form of compound (viscous linul<\ crystalline tyoe, etc.)      White needle-shaped 
crystals  

9. Simple microscope analysis data:  
(crystal studies) 

10. DensltyiHacro method)      1.83 tm/eJ. (Micro or other method)      gm/cm3. 
lEroleln on separate sheet any unique methods you use.) 

11. Index of refraction: (ng5*0, )       12.  Color     13.  Odor        Nope 

14.   pH at 25*C. 0.8 (Method reference OSRD 3401 o.i,  or OSRD 596B.    Indicate method uaed,  l.e 
solvent and concentrations used.    pH Indicator oaoer or Baeloaan    pH meter.)      ^TTTlffiir*! P^ 

0.0O77M In acetone/water (5/1 TQIUMB ratio)  

17. Boiling point, or decomposition temperature:    
(underline which teapereture la reported) 

18. Heat of Vaporization:   g-cal./gm 

•c. 

19.  Heat of Fusion: g-cal./gm 

BTU/Ib. 

BTU/lb. 

20. Melting point      lW»-lltS  t. 
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SI.    Freeling point vs. Time Curve: (PIMH a*rk tha eoon'lmtaa »lth seal* valuaa that •!»>?/ to the COM 
undar aturfy.) 

• 
OJ 
or 

or 
o. 
2 
h- 

TIME 

22.   Solubility of new compound: 

<0«1 g/100 ml HgO at 25*C. 

120 

0.6 

g/100 ml acetone  
(naaa •atarial uaad aa aolvant) 

g/100 ml toluene 
(MM •atari*! uaad aa aolrant) 

g/100 ml H20 at 

 at 

at 

W«„,   H-***..  -  «« 

—CT ' SET' 
J_/>*W"*V*N • 

?!::••!-••!          ^:^7feyK::":r::7i/   :' fS /"•> / laaani 

MM «aml all S "" v f   JVf                                                                       "! ! • ; 

f -; 

I 

' t ; r ;'•••••    T-"-r::.:r:::;::-:;—-: : 
. 1 
:-| • 

:        .                                                                  
1'                                                              

.          . i 

•   :M 
•  •  :       •   '   •      •  •  i • 

. i . .     :                               :.                                                                              ..-;v 
Wj(|    '.t*f**     '*    Ml«t«M 

l,l,l»3#6,6,6-Hept*iritro-3-M*v-h«x»zie Suspended in White Mineral Oil 
TIM-12 aln 
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SPIA/Itt 

Under o came tab! lltt •• are considering the ability of tao eospounda to be In lntlsate contact (Not* 
OSKD 5758 p. 71-22) orer a  long period of tliae without adverse effects on either the ehealcal or pnyalcal 
oropertlee of either Material.    Theae teata will probably ba of varied extent.    Tbsy sight ba oca* of 
the follos'.Bgi  (a)    Standard stability taata.    (b)    3isole observations of exudation or eeparatJon at 
••blent or -cceiereted tesnereture.    (c) Prepare thin ahaata  (.025* thick,  1" aqusra) of the plsetlcited 
Material.    Separate the ahaata with atrloa of cigarette paper or carbon paper and ccstpreaa the stack In 
a "C" clasp.    After several deye note the oily collection on the oaoar.      Pleaaa fl** reference to or 
deecrlbe oroeedure uaad.    Itea 7t la to Indicate reaulta when the coaoound la In contact »lth aosa Materi- 
al other than ethyl cellulose,  nitrocellulose or rubber. 

25.   Compatibility with ethyl cellulose:    

16.   Compatibility with nitrocellulose: 

17.   Compatibility with rubber: 

28.   Compatibility with 

Polymerising properties of the new compound: 
(a)  By Itself 
(b) In mixtures (»Uh addltlvea) 
(c) Inhibiting action on polymerisation of: 

Thiokol 
Methacrylate 
Other compounds   

SO.   Availability 
a. Amount now available ? Research quantities .Oft 
b. When was available material first prepared? 
c. Amount prepared at that time?   
d. Is large production feasible? _^  
e. Plant capacity in exlstance, lbs/day? 
f. Outline steps for a quantity production method 

•1.    Additional informatics: (texielty, heterde, daterioratloo, oxygen balance, (•etonatlon rate, explosive 
poser, eaee of hydrolyaia by eater, ate.    Llat reference*,  reports, data book*, etc.  that refer to the 

 Oxygen balance • +U .....  
When adjusted to aefo oxygen balance Wltn jfl TUT, trie CllCUlatfla lMfl- 

Bgaaofeja g&aasaaa s^ atJCMemStr »»i"« <« if'i 
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Pate Questionnaire en 

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Lis'sed below are Xh*  characteristics wfc'-eh are believed to be of importance in the etudy of a compound 
which may possibly be used as a constituent of solid propellents or other explosives.  It is not expected 
that all this information will be available for every compound.  For example, with a compound showing poor 
stability  it is probably not adrisable to investigate that compound farther.  After placing such informatior 
as is available for a compound which you have prepared or tested on one of these fores, send it to SOLID 
PBOPELLAJJT IXTOHMATIOS AGENCY, APl/jHU, 8621 Georgia Avenue, Silver Soring, Maryland.  As additional infor- 
mation on the same or new oapounds accrues, forward it on a similar form at a later data.  The information 
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms 
may also be used as *ork or data sheets for your experimental studies.  Zxtra conies are available upon 
request from SPIA.  Suggestions for improvement of these forms are invited.  If insufficient space has been 
provided for any item, attach separate sheets. 

COMPOUND: 
Namel,l,l,U,6,6-HexanjUro-U-aza-heptane 
Empirical formula ^6^0^7^1?   
Structure: (configuration) 

f°2 f>2 
(N02)3CCH2CH2NCH2CCH3 

NO, NO, 
I  2 

NaOH 

Information submitted by. 
Activity Aerojet Engineering Corporation 
Person   M.B. Frankel and L.T. Carleton 
Date      iQ December, 12S2  

1 NOc HNO. 
N02 N02 

(N02)  CCH2CH2NH2*HC1 + H0CH2CCH3 ^=^ (N02)3CGH2CH2NCH2CCH3  =^ (NO^CCHgCfljNCr^CCr^ 
Preparation reaction(s):   _£_ _£_, SOo 

1.    Quantitative analysis:^ by weight) 
Carbon 

Calculated from formula lQ»Ul 
By determination 19,90 2,52 

?H93   "SMS" Ni 

2.    Burning properties:(compered to nitrocellulose, under nitrogen at atmospheric  prea»ui 

(faster?      slower?       residue?    etc.) 
3.    Stability and Sensitivity: riot any graphs on 

separate  sheet 
Discuss methods used »hen they vary 
from references.    Give temperature used, 
(use separate sheet if necessary.) 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 
f.    
g. rmpaet Stability 
h. 

Recommended method 
NOLOSMDBBB 

OSRD 3401 p.8 
NOL   QffifrMKkjaiS 

OSRD 3401 p.6 
NOL 366ocdfok*k«x 

2.5-kg weight 

h8 hr Cor less) at J00°C~ 

Bureau of Mines Bull. No. JU6, p.  (2; ?-kg weigfit" 

Reference compound 
RESULTS OF ABOVE TESTS 

(designation-TOT, Tetryl,  B.C.,  etc.) 
a. Tetryl. 32 cffl/2»f? kg   
h.  
c.  ___ 
d. " _ 
e.  
f.    
K- RTW, 30 cm/? kg I 
h. 

New Compound test results 

17.it cm/2.5 kg  

>30 cc/g in 2g~hr 

210UC 

IBS cm/?, kX 

Heat of formati»: (_H) +    -18 07 Kg. calories at 25t:., 1 atm. pressure 
(indicate sign] 
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SPIA/M3 

By Experiment By Calculation 

cal/gm 

cal/gm       2232 

Method 
•Mtorlntlas or r.f.r*ao«.     S*pas«t« 

•fc*«% If nt«iiw7. 

2298 Aero.let Report No. U17A 

tic: lb-sec/lb 

5. Energy of explosion (Q) 
Ut 25W. H20 liquid) 

6. Heat of combustion (Hc) 
(•t 25«\ H20 liquid) 

7. Specific Impulse (Isp) calc 

8. Physical form of compound (Tleeous liquid, crystalline tyoe, etc.)    Crystal!ina  <n  faintly 
orange piafce^  

9.    Simple microscope analysis data: 
(crystal studies) 

10. Density^Macro method)    1.6$    gm/cm3. (Micro or other aethod)  
Itroleln on separate sheet any unique methods you use.) 

11. Index of refraction: (ng5<>c- )      12. Color 13. Odor    None 

gm/cm3. 

,.                     (Method reference OKRD 3401 T,.1, or OSJID 5%fl.    Indicate method used,  I.e. 
solvent and concentrations used.    pH lndlcetor oeoer or  Teckaan   pH me.er.)      BeckntUl pH  

14.   pH at 25"C.        h.U 
solvent and eooeei 

meter;  O.OOli^M in acetone/water (£/l roluae ratio) 

17. Boiling point, or decomposition temperature:       Decomposes on melting 
(underline which temperature la raoorted) 

18. Heat of Vaporization:   g-cal./gm   

19. Heat of Fusion: g-cal./gm 

. BTU/lb. 

BTU/lb. 

20. Melting polnc  109-10? £ V. 
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SPIA/X3 

21.    Freezing point vs. Time Curve: (PIMM a*rk the coordinate* with scale value* that apply to the coapouao' 
under atud/.J 

1 
1 

i 1 1 

o 
t 

i 

i 

i 

I 

~v 
or 

1- 
< 
tr 

1 

i 
1 

a. 
2 1 

»- 

_    J _ _ — 
TIME 

22.    Solubility of new compound: 

<0.1 g/100 ml H20 at 25°C. 

200 

U.o 
g/100 ml        acetone  

(naae •• tar 1*1 used M aolrent) 
g/100 ml        toluene 

(naae naterial used *• aolTrat) 

g/100 ml H20 at  

 at 2j>_ 

at        25 

x:. 
•c. 

 nssr 
i.i.i^.».11 

±2. nnf 

<-?£' 

««•• '.*--*•   - u^ 

l,l,l,U,6,6-Hexaidtro-li-a»a-heptane Suspended In White Mineral Oil 
Tiae-12 Bin 
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Report No. 682 

SPlA/lrt 

Peder coapatablllty •* are considering the ability of t«o coainounde to be In intiaete contact (Not* 
03KB 5758 p.  Pl-22)  orer a Ion* period of tine without advaree effects on either the ehealcal or physical 
nrooertlee of either Material.    Theee teata will probably be of var«"d artaot.    Thuy alfjht be sea* of 
the folloalrfi  (a)    Standard stability teat*,    (b)    Siaole observations of exudation or aeparatloa at 
aablent or accelerated teaoeratitre.    (c) Prepare thin aheata (.025* thick, 1" equare) of the pleatleiied 
Material.    Separate the ahaeta with etrloa of cigarette paper or carbon paper am! coaipreee the ataek ID 
• "C* claap.    After aeverel days note the oily collection on the oapar.      Plaaae rive reference to or 
deecrlbe procedure used.    Itea ?8 la to indicate reaulta when the coaoound la In contact with aoae neteri- 
al other than ethyl cellulose,  nitrocellulose or rubber. 

25.    Compatibility with ethyl cellulose:     

26.    Compatibility with nitrocellulose: 

27.   Compatibility with rubber: 

28.    Compatibility with 

29.    Polymerizing properties of the new compound: 
(a)  By itself 
(bj   In mixtures (»Hh addltlvea)   ___ZI 
(c)  Inhibiting action on polymerization of: 

Thiokol  
MethacryUte 
Other compounds   

30.    Availability 
a. Amount now available?  Research quantities 
b. When was available material first prepared? 
c. Amount prepared at that time? 
d. Is large production feasible ? 
e. Plant capacity in existence, lbs/day? 
f. Outline steps for a quantity production method 

31.    Additional information: (toxlclty, haiarda, deterioration, oxygen balance, detonation rate, erplc*l*e 
poaer, aaaa of hydrolyele by water, etc.    liet references,  reporta, data books, etc. that refer to the 
eoapouad.)     

Caleubited LeacUElock Valae - lb2 

Calculated Ballistic-Mortar value -~IE? 
V   Method 61 Aerojet Kefrdft WO. b'12. p. 8. 
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Pate Questionnaire on 

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Listed below are the characteristics which are believed to be of importance in the study of a compound 
which mey possibly be used as a constituent of solid propellante or other explosives.  It is not expected 
that all this information will be available for avery compound. Tor  example, with s scspsund showiax poor 
stability, it is probably not adTisable to investigate that compound farth-r.  After placing suck information 
as is available for a compound which you have prepared or tested on one of these forma, send it to SOUS 
PROFELLAHT ISFOHMATION AGENCY, APl/jHU, 8*21 Georgia Avenue, Silver Spring, Maryland.  Ac additional infor- 
mation on the same or new compound's accrues, forward it on a similar form at a later date.  The information 
submitted on these forms will be rewritten and published by 3PIA in loose-leaf iuusl form.  These forms 
may also be used as vor't or data sheats for your experimental studies.  Extra copies are available upon 
request from SPIA.  Suggestions for improvement of these forms are invited.  If Insufficient space has been 
provided for any item, attach separate sheets. 

COMPOUND: 
Name!. 1» 1> 3»o» 6-Hexanitro-3-aza-heptane 
Empirical formula   C^HoNyOi ? 

Structure: (eonf iguratlon) 
NO. N02 

CH3CCH2CH2NCH2C(N02), 

N02 N02 
NaOK. 

N02 

Information submitted by: 
Activity Aero .let Engineering Corporation 
Person M.B. Frankel and L.T.  Carleton 
Date       10 December.   1952  

H 

CH3CCH2CH2NH2.HC1 + H0CH2C(N02) > CH3CCH2CH2NCH2C(N02) 
1 Preparation reaction(s):     * I 

NCO  m*  

HNO. 
N02 NO. 

*-} CH3CCH2CH2NCH2C(N02)3 

 N02 ~~~~~— 

1.    Quantitative analysis:^ by weight) 
Carbon 

Calculated from formula    19.^1 
By determination 20.18 

Hjdjjogen Oxygen 
51.73 

Nitrogen 
26.U2 

Z2CTT" 
2.     Burning properties: (compared  to nltrocelluloee,  under nitrogen at  atnoecfceric  presaurei) 

(faster?      slower?       residue?    etc.) 
Stability and Sensitivity: Plot any graphs on 

^eperats  sheet 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 
f.  
g. Impact Stability 
h. 

Recommended method 
HOE mmcsSm 

OSRD 3401 p.8 
NOL vsssjcsam^a 

OSRD 3401 p.6 
NOL XJERTK**HXj£« 

Discuss  methods used when they vary 
from references.     Give  temperature  used. 
(Use  seperv   e  sheet  If necessary.) 

2.5-kg weight  

U6 hr (or less) at iuu"C 

Bureau of Mines Bull.  No.   3U6.   p7 72;   2-kg weight 

Reference compound_ 
RESULTS Of ABQVK TESTS 

(designe.tlop.-THT,  Tetryl,  N.C.,  etc.) 
a. Tefcryl,   32 cm/2.5 kg 19.6 cm/2.5 kg 
h.  
c. 
d.  
e.  
f. 

New Compound test results 

">3~0~cc/g in 2-1/2 hr 

lOHel 
e- EDX.   30 cm/2 Kg. 
h. 

   25 cm/2 kg 

4.   Heat of formation:  (AH) •      ~39.8 Kg. calories at 26°C., 1 aim. pressure 
(Indicate sign) 
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CONFIDENTIAL 

By Experiment By Calculation 

5. Energy ol explosion (O) 
(at J^or,  H20 llculdj     

6. Heat of combustion (H-)  
(•t 25«\  H20 liquid*) 

7. Specific Impulse (Isp) calc: 

22Ul 

cal/gm 

cal/gm 2232 

lb-sec /lb 

Report No. 662 
SPlA/kS 

Method 

Aerojet Report No. Ul7A 

8.  Physical form of compound(TIBCOUS liquid, crystalline tyoe, etc.)   Ycllcyt  prlenatlc crystals 

9.    Simple microscope analysis data; 
(crystal etudlea) 

10. DensltyiMeero method)       *» [* gm/cm$. (Micro or other »ethod; 
(Xrolaln on separate sheet any unique 

11. Index of refraction: (n?,5*0, )     
rparate sneet any 

12. Color 

gm/cm3. 
aethods you use.] 

13. Odor   none 

14.   pH at 25°C. 3»7 (Method reference OBRD 3401  o.4,   or OSRD 5%fi.    Indicete»ethod uaed.  I.e. 
solrent and concentrations uaed.    pH Indicator aeoer or Secksaa    pH «eter.)   Beck/HED pH Metert 

0.020M In acetone/water (5/1 volume ratio) 

ilmn.lM main— •»—«*<• •» t.».>.»•' fmn—-l in vn i. nw 

17. Boiling point, or decomposition temperature:   decQMposee on aeltlng 
• *T     (underline ahieh teaperetura la reoorted 

18.  Heat of Vaporization:   g-cal./gm 

•c. 

19.  Heat of Fusion: 

JO. Melting point  10g-107       t?. 
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Report No. 682 

SPIA/M3 

21.    Freezing point vs. Time Curve: (PIMH Mrk ths coordinates with sesle Telues that epply to the cc 
under study.) 

• 
UJ 
or 
3 
»- 
<X 
<r 
UJ 
Q. 

UJ 
1- 

1 
1 

. 
TIME 

22.   Solubility of new compound: 

<0.1 g/100 ml H20 at 25*C. 

120 

1.2 

g/100 ml acetone «  
(nace MterlsJ. used es solvent) 

g/ioo mi toluene  
(nsas ssterlsJ. used mm solvent) 

g/100 ml H20 at  

at     25 

at     25 

•c. 

iV»-l 

-a.-. 

T"  

U 

:::ivMf. 

: v^  y • • • w • • ••*• 
/ 

V* 

Ji'?M 

1,1,1,3#6,6-Hexanitro-3-*«*-heptane Suspended In White Mineral Oil 
Tlae-12 idn 
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Report No. 682 

SPIA/T-O 

Under co«MUbUUy •« arc considering the ability of two compounds to ba In intimate contact  (Note 
OSTO 575$ p. 51-22;  over a  long period of tin* without adverse affects on either the chemical  or physical 
properties  of either meterlil.    Thaae teeta »111 probably be of varied extent.    They eight be ace* of 
the follcelsfi  (a)  * Standard stability tests,    (b)    Staple observations of exudation or separation at 
eatlent or accelerated teeoeretttre.    (e) Prepare thin aheeta  (.025* thick,  Is aquere) of the plesticlted 
material.    Separate the sheets elth strloa  of cigarette paper or carbon paper and compress the slack  In 
s T.m clsep.    After several days  note the oily collection on the oaper.       Pleaae five reference to or 
describe procedure uaeri.    Itee 7t Is to lndlcste results when the compound Is  In contsct altb soee materi- 
al other than ethyl cellulose, nitrocellulose or rubber. 

25.    Compatability with ethyl cellulose:  

29.    Compatability with nitrocellulose: 

27.   Compatability with rubber: 

28.    Compatibility with :  

29.    Polymerizing properties of the new compound: 
(a) By itself _  
(b) In mixtures f"Uh additives)     
(c)   Inhibiting action on polymerization of: 

Thlokol 
Methacrylate 
Other compounds    

30.   Availability 
a. Amount now available? Research quantities 
b. When was available material first prepared?  
c. Amount prepared at that time?  
d. Is large production feasible' 
e. Plant capacity in existance, lbsTday? 
f. Outline steps for a quantity production method 

31.    Additional information: (texdelty, hazards, deterioration, oxygen balance, detonation rate, explosive 
poser, ease of hydrolysis by eater, etc.    List references, reporta, data books, etc. that refer to the 
compound.)  

Calculated Lead Block Value • lb2 
._. t Method 6f Aftfrjjet Report WO. 

liftlculatftfl BilllBtle MbTtar Talim - 1*3 I g-~ _   ftJ        r 
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CONF ! DE N T i A L 
Report No. 632 

SPIA/M3 

Pate Quest) on;*Ire on 
COMPOUNDS FOR USE AS iNGREDEENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Listed b*l0V are. the ehax*otwei*%l.Q*  which are believed to be of importance in the study of a compound 
'which nay possibly be used as a constituent of solid propellanta or other explosives.  It is not expected 
that all this information will be available for every compound.  For example, with a compound showing poor 
stability it is probably not advisable to investigate that compound farther. After placing such information 
as is available for a compound which vou have prepared or tested on one of these forms, send it to SOUS 
PB0PE11A5T IHTORMATION AGENCY, AH/JHtJ, 8621 Georgia Avenue, Silver Soring, Maryland. As additional infer- 
motion on the issa »* M« compoand1 accrues, torwxrd  i« on a similar form at a later date.  The information 
submitted on these forms will be rewritten and published by 3PIA in loose-leaf manual form.  These forms 
cay also be used as work or data sheets for your experimental studies.  Extra, copies are available upon 
request from SPIA.  Suggestions for iaprovsasat of i.ht>»* forms are in 
provided for any item, attach separate sheets. 

invited.  If insufficient apace has been 

COMPOUND:   N-3*» V, 3!-Trinitroprupyi-- 
Name   3, 3»5»5^tetranitropiperidlne 
Empirical formula SoH^gNfiOi)) 

~^- 

Structure: (configuration) 
NOo       .CHo NO? 

>     X 
N02" j i NN02 (NQ2) ^CCH2CH2JJH2-HC1 + CH2- CCH2OHI    ^S^ 

CH2        ,CH2 

Information submitted by: 
Activity Aerojet Engineering Corporation 
Person M.B. Frankel and L.T.  Carleton 
Date     6Jebmary. 1953 ! N02 

N 

CH2CH2CvN02)3 

1.    Quantitative analysis!* by weight) 
Carbon 

Calculated from formula    21.?3 
By determination 

;N02 

21.33 

Hydroeen 
2.28 
2.29 

Oxygen 
50.65 

Nitrogen 
25.35 
2U.52 

2.     Burning properties: (compared to nitrocellulose, under nitrogen «t atmospheric  pressure^ 

(faster?      slower? 
3.    Stability and Sensitivity: plot any graphs on 

separate  sheet 

residue?    etc.! 

a. 
b. 
c. 
A u. 

e. 
f. 
g. 
h. 

Name of test 
Impact Sensitivity 
Thermal Stability 
Vacuum Stability 
Temperature of Explosion 
Temperature of Ignition 
Impact Stability 

Discuss methods used when they vary 
from references.    Give temperature used. 
(Use separate sheet if necessary.) 

2.5"-kg weight  

U8 hr at lUUUC  

Recommended method 
HOE WEEfiRR 

OSRD 3401 p.8 
NOL XSSXKMDBqxXV 

OSRD 3401 p.6  
OSRD 3401 p.6 ___________„  

Bureau of Mines Bull.  No.  3^6,  p.  72 (2-kg weight! 

Reference compound_ 
RESULTS OF ABOVE TESTS 

i3P_isZE 

(dssigoatiou-TWr, Totryl, N.C., etc.) 
a.   Tetryl,   32 cm/2.g kg    29 cm/2 kg 
h.  
c.  
d.   
e. __^__.  
f. RDX,   30 cm/2 kg   
g-  
h. 

New Compound test results 

S5=Wem/rw 

4.   Heat of formation: (AH) + -60 Kg. calories at 26t., 1 atm. pressure 
(indicate sign) 
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By Experiment By Calculation 

5. Energy of explosion (O) 
let i^or. H20 llculd)     

6. Heat of combustion (Hc)  
(•t 25W. H20 liquid) 

7. Specific impulse (Isp) calc: 

2338 

cal/gm 

cal/gm 2392 

lb-sec /lb 

Report No. 682 
SPIA/M3 

Method 

• a*.I  if «*o*****7. 
r».crlp*lo» or r«f*r*»e».     3*>*j*t. 

Aerojet Report Mo. Ul7A 

8. Physical form of compound(ritcoua liquid, crystsiiine tyoe, etc.)     Prism tic white crystals 

9.    Simple microscope analysis data: 
(crystal studies) 

10. Densltyi««cro »ethod) 1.703     gm/cm3. micro or other a*thod)      gm/cm3. 
l&mlelr. on separate sheet any unique Methods you use.) 

11. Index of refraction: (n£5°c- ) 12. Color     white 13.  odor      «cld 

14.   pH at 25°C.        2.U (Method reference OSRD 3401 o.4,  or OBTV 5968.    Indicate a»thod used,  I.e. 
advent and concentrations used.    pH Indicator oaoer or Backaam    pH aeter.)     with   gfeJBM pB 

aeter In 0.03UM acetone/water ($/l voluae ratio) 

• 
; 

J 

1 

•     :     r  • •     ;     • 
1      i 

1 

I 
>^ 

> . . .1.   . 

1 
j 

. A   . 

•     |     ; 

1 

"   !   1   ' 
..   ..  1   ,   .   . 

1 
. _.- ;.     i      ..    . 

.... 

• 1 . ; 

1 '   Ift    '  i-nfc  • u ** 
* . m 

%-v. y.y-rrt«llra>»»rl-). l.*.5-wtrMltr«ol»»rUl»« >• MMMI 

17. Boiling point, or decomposition temperature:     decomposes on melting 
(underline which temperature la reoorted) 

18. Heat of Vaporization: g-cal./gm   

19. Heat of Fusion: g-cal./gm 

. BTU/Ib. 

BTU/lb. 

20. Melting point 1UU-1U6       t. (d) 
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21.    Freezing point vs. Time Curve: (Plaaa* Mrk tha eoordlnaUa with acala valuaa that apply to the cea 
undar aturty.) 

 1 I- !      'T 

| — 

• 

UJ 
or 

t- 
< 

i 
1 

i 
i 

1 | I    H 
! 

1 
i 

a. 
2 

t- 

TIME 

22.   Solubility of new compound: 

<0.1 g/100 ml H2O at 25*C. 

3.5 
220 

g/100 ml H20 at 

g/100 ml tolu«n« 
(naa* •atarlal uai>d aa aolvant) 

g/100 ml        acetone  
(naaa amtarlal uaad aa aolvant)- 

•» 2S_ 

*t 21 

X:. 

•c. 

•c. 

Ma 

UTUA) 
IMJU 

H*.V-**» <«*-»#«•» *wl*ia» 
• ip i ii IT  - la MM alaawl 
all 

-h—                fla»-U •• 

e—» C-i -              —         —• 
_     t_iaU-lMa« _ _    _ 

WK 

 _          , •  *•  - 

*U   _**,    -A.    -I**.       X 

M-31.?•» 3'-Trinitropropyl-3, 3.5.5-tetranitropiperidine 
Suspended in White Mineral Oil 

111)8*12 ndn 
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Under ccaine tab lilt* •« ere considering the ability of two cowioouncs  i.o *uw  in intlaete contact  (Note 
03RD 5758 p. ?l-22; over a  Ion* period of tine without adverse affects on either the ehesjlcsl or physical 
nropertiee  of either •aterlal.    "heee teats will probably be of varied extant.    They light be sose of 
the following*  (a)    Stent'errf stability taste,     (b)    Slsrole  observations of exudation or separation at 
••blent or accelerated tesmeratnre.    (c) Prepare thin sheets  (.025* thick,  1" square) of the pLaetlcized 
aaterlal.    Separata the ahaeta with strloa of cigarette paper ev carbon paper and compress the stack In 
• T" clasp.    After several days note the oily collection on the oaper.      Plaaae gi*« reference to or 
describe oroeedure used.    Itew, ?6 Is to Indicate results when the eowoovind is in contact with soate nstarl- 
sl other than ethyl cellulose,  nltrorelluloaa or rubber. 

25.    Compatibility with ethyl cellulose:  

28.    Compatibility with nitrocellulose: 

27.    Compatibility with rubber: 

28.    Comparability with 

29.    Polymerizing properties of the new compound: 
(a)   By itself 
(bj   In mixtures filth sddltlvea) 
(c)   Inhibiting action on polymerization of: 

Thlokol 
Methacrylate 
Other compounds 

30.    Availability 
a. Amount now available?    Research quantities 
b. When was available material first prepared?    
c. Amount prepared at that time?    
d. Is large production feasible ? 
e. Plant capacity In existence, lbs/day? 
f. Outline steps for a quantity production method 

31.    Additional Information: (toxiclty, hatarde, deterioration,  oxygen balance, detonation rate, explosive 
poser, eaaa of hydrolyala by water, etc.    List references,  reports, data books, ate. that refer to the 
eoapouad.) 

Calculated Uad Bloc* Value • 1$$ ^ _ , ~ 
~         „   , 1fJ   ^Method of Aerojet Report No. $\2, p. 8 

rlnlmiUiad Balllatlc Mortar Value * l?2j -if r 
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Data Questionnaire on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Listsc. bwlow are ihm characteristics  nfai.cn ape fcslisred to be of  importance is the  sisdy of a cospoBuu 
vfcic:h Ksy possibly ba used as & constituent of solid propellants or other MOIMIM*,     It  is aot expected 
tha'j all ttiis  information will be available for every compound,    ror examole.   with a compound showing poor 
stability,  it  is probably not advisable to investigate that compound farther.    After placing such informatior 
as  is available for a compound which you have prepared or tested on one of these forms,   send it to SOUS 
FBOPELLAII  ISFOHKATIOH AGENCY, APl/JHU,  8621 Georgia Avenue,  Silver Spring, Maryland.    As additional  lafor- 
maiioa OIL the  sass  or asv coapouiadi accrues,   forward  it  on a similar form at  a later date.     The  information 
subaitiea on  these  forms  will  be  rewritten and  published  bv  SP1A  in  loose-leaf manual   form.     These  forms 
say also be used as   wcrk er data sheets  for your azperimenlal  studies.     Extra copies are available upon 
request from SPIA.     Suggestions for improvement of these forms are invited.     If insufficient space has been 
provided Tor any item,  attach  separate  sheets. 

COMPOUND: 
Name 3» 3# 3-Trinltropropyl Andne Nitrate 
Empirical formula    
Structure: (confirm ration) 

(N02)-CCH2CH2NH2'HN03 

C3H7NgOp 
Information submitted by. 
Activity Aerojet Engineering Corporation 
Person    M.B. Frankel and L.T.  Carleton 
Date        6 February.   195 "3  

(N02),CCH2CH2NC0 • HNO3 + H20  » (N02)3CCH2CH2NrI2»HN03 + C02 

Preparation reaction(s): 

1.    Quantitative analysis:(< by weight) 
Carbon 

Calculated from formula   lU.Ql 
By determination 

Hydrogen 
2.7U 
2.80 

Oxygen 
56.01 

Nitrogen 
27.2U 
26.S8 

2.     Burning properties:(eorapared to nitrocellulose,  under nitrogen at atmospheric  pressure: 

(faster?      slower? 
3.    Stability and Sensitivity: plot «ny granhs on 

separate  sheet 

residue?etc.) 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 
f. Impact Stability 
e-   
h. 

Discus*  •"ethods used when they vary 
from re.'^rences.     Gire  temperature used. 
(Dae separate sheet if Decessary.) 

2.g-kg weight  

U8 hr at 1UU°U  

Recommended method 
NOL   xxaxxxas 

OSRD 3401 p.8 
NOL     X3EBSXttXSqva 

OSRD 3401 p.6  
OSRD 3401 p.8  .  t 

Bureau of Mines Bull.  No.  vU6,   p.  1'A (^-kg weightT 

Reference compound 
RESULTS OF ABOVE TESTS 

__    >3Q cc/g 

(deeignatlon-TNT,  Tetryl,  N.C.,   etc.) 
a. Tetryl,  32 cm/2.g kg 10 cm/2.5 kg 
h.  
c.  
d.  
e.  
'•   RDX.   3fl cm/2 kg 
g-  
h. 

New Compound test results 

30-40 gm/2_i£ 

4.   Heat of formation: (AH) • ~95 Kg. calories at 26t., 1 atm. pressure 
(indicete sign) 

Page 17 
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By Experiment 

5. Energy of explosion (Q) 
(•t 25<*\ H20 licisJd)     

6. Heat of combustion (Hc)     16$7 
(at 25°r. H?0 liquid) 

By Calculation 

cai/gm 

cal/gm 1706 

Method 
D»«erlp»l»» or riltmtt.     'HfinU 

Aerojet Report No. Ul7A 

7. Specific Impulse (Isp) calc:    lb-sec/lb  

8. Physical form of compound (yleeoua li^uli', eryatall.'ne tyoe, etc.)        White crystals 

9.   Simple microscope analysis data: 
(crystal etudiaa) 

10.   DensityiKaero nathod)    1.77U gm/ctrfl. (Micro or other »ethod) 
lEjroleln on separate sheet any unique 

 gm/cm3. 
pa rate sheet any unique .tethoos you use.) 

12. Color    white 13. Odor     none 11.  Index of refraction: (n§5°c* )     

14.   pH at 25X\ 3.3 (Method reference OBRD 3401 o.4,  or OSRC S96B.    In<<lea^« a^hod uaa<J, U«. 
eolTent and concentrations uaad.    pH indicator oaoer or Bacloaan    pE a*ter.)     With  PeCKHaMl pn 

aeter In 0.031M acetone/water (5>/l volnne ratio)  

) i—   i  

rr. 

m 

J 
> 

•    • - —•      -•-•   •     -*   —• 

i 

. _ .  _.      i_   \- .    .1 

- t— -f-r-r '•   ;- •-; • 
L- « Sd ' 

17. Boiling point, or decomposition temperature: decoaposes on gel ting 
(underUna which temperature la reoorted) 

18. Heat of Vaporization;   g-cal./gm  

19. Heat of Fusion:   g-cal./gm   

X. 

BTU/lb. 

BTU/1L. 

J20. Melting point   132-13U      t. (<0 
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21.    Freezing point vs. Time Curve: (?1MH a*rk tha coor<11natee aith »c»ie valuea that apply to the coapcuad 
under etudy.) 

1 

d • 
UJ 
or 
3 
1- 
<X 
cr 
UJ o. 
5 
1- 

- 1  
TIME 

22.   Solubility of new compound: 

32 g/100 ml H2O at 25°C. 

<0.1  

170   • 

g/100 ml H20 at 

R/IOO ml             toluene 
(naae naterial uaad aa aolvant) 

g/ioo ml             acetone 
(naae naterial uaad aa advent) 

at 25 

at 25 

x:. 
•c. 

w»„ Nw4»1 - . - 

Ma 
1.1 —BM 

U/iJA» 
v**eni 

•41 
DIM 

B««l 
eit#ew ew 
». «fttM eta 

_ (Wit aM 

_ Hliv. t~ •£.>.•£* 
'*-* .MLUM1  

—. 
'— • 

•f 

•i Ukl ci   ^. — 
w...  ....,-   . I 

Redt 3,3. 3-Trinltropropyl Aslne Nitrate Suspended in White Mineral Oil 
Bluet White Mineral Oil 

Tine*12 min 

CONFI DE NTIAL 
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Voder coapatablllty we are conalderin*? the ability of two coapounda to ba In Intlaate contact (Note 
OSRD 5758 p. 71-22)  over a  lonf period of tin* without adverse effects on either the che»lcal or physical 
nrooertlee of either naterial.    Theee teata will probably be of varied extent.    They night be eon* of 
the following  (a)    Standard stability teata.     (b)    Slaole observation* of exudation or aeparatlon at 
aablent or accelerated taaeeratnr*.    (e) Prepare thin aheeta  (.0?*;" thick, 1" enuara) of the plaetlclted 
Mterlal.    Separate the aheeta with atrloa of cigarette paper or carbon paper and coapreee the stack In 
• •£• claap.    After aeveral days note the oily collection on the oaper.      Please give reference to or 
deaerlbe oroeedure used.    Itea ?*. la to Indicate raaulta when the coapound la In contact with sea* Materi- 
al other than ethyl cellulu»«,  nitrocellulose or rubber. 

25.    Compatibility with ethyl cellulose:  

36.    Compatibility with nitroce'lulose: 

37.   Compatibility with rubber: 

28.    Compatibility with 

29.    Polymerizing properties of the new compound: 
(a) By itself  
(b) In mixtures (»Uh addltlvea) 
(c)  Inhibiting action on polymerization at*: 

Thiokol 
Methacrylate 
Other compounds   

SO.    Availability 
a. Amount now available? Research quantities 
b. When was available material first prepared? 
c. Amount prepared at that time?  
d. Is large production feasible? 
e. Plant capacity in existence, lbs/day? 
f. Outline steps for a quantity production method 

31.    Additional Information: (texieHy, ha sards, deterioration, oxygen balance, detonation rate, exnloeive 
power, eaae of hydrolyala by water, ate.    Llet references,  reports, data books, etc. that refer to the 
eoapaund.)    , _^ —__^____________^___ 

Calculated Lead Block Value • 171 
- Method 6f Atrojet Rgport NO. $l^rr; 8 

Calculated Ballistic M6rtaT Value • lUU "    r r 
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Data Quest!onn«ire OB 

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Listed below are the character!sties which are believed to be of importance in the study of a compound 
.<bi.es. may possibly be used as a. constituent or solid propeJlants or other explosives.  It is not expected 
that all this information will be available for arery  compound,  for example, with a compound showing poor 
stability, it is probably not advisable to investigate that compound farther.  After placing such information 
as is available for a somoound which vou have nre-nared or tested on one of these forsg. send it to SOLID 
PBOPSLLAFr 1ITQSHASIQ8 A&S3K3T, AFl/JHtJ, 8621 Georgia Avenue, Silver Soring, Maryland. As additional infor- 
mation on the same or aew compounds accrues, forward it on a similar fora at a later date.  The information 
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form.  These forms 
may also be used as work or data sheets for your experimental studies.  Extra copies are available upon 
request from SPIA.  Suggestions for improvement of these forms are invited.  If insufficient space has been 
provided for any item, attach separate sheets. 

COMPOUND: . „ „  „ ,. 
Name3» 3> $,7.7-Pentanitro-5-aza-nonane 
Empirical formula   
Structure: (configuration) 

smggiQ 
N02 

N02 

N02 

2CH3CK2CCH2OH 
Preparation reaction(s): J,^  

Nup" 

~miwp 

J2 

NHi4OCOCH3 

Information submitted by. 
Activity Aero .jet Engineering Corporation 
Person  M.B. r'rankel and L.x.  carleton 
Date      6 February.   W?} 

NO- 
1   ' 

CH -iCHpCCHp 

-N& 

HNO. 

~mTZ& 

N02- 

CH3GH2CCH2 

 N02 

-NNO- 

1.    Quantitative analysis:(* by eeight) 
Carbon 

Calculated from formula 27.12 
By determination 27.17 

Hydrogen 
3.98 
3.72 

ur. en Nitrogen 
23.71 
22.7U 

2.     Burning properties: (compered  to nitrocellulose,   under  nitrogen it  atmospheric   pressure:] 

(faster?      slower?       residue?    etc.) 
3.    Stability and Sensitivity: Plot any graphs on 

separate sheet 
Placuss  methods  used when they vary 
from references.     Give  temperature used. 
(Dse separate sheet if neceaaary.) 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 
f. Impact Stability 
e-   
h. 

Recommended method 
NOL    OSBBoOta* 

OSRD 3401 p.8 
NOL  mmwm&K) 

OSRD 3401 p.6 
OSRD 3401 p.6 ___. .   . . t 

Bureau of Mines Bull.  No.  3U6,   p. 72 ("2-kg weight) 

2.5-kg weight 

U8 hr at lUU^c 

Reference compound_ 
RESULTS OF ABOVE TESTS 

(designation-TOT,  Tetryl,  N.C.,   etc.) 
a. Tetryl,   32 cm/2 kg 80 cm/2.5 kg 

New Compound test results 

b. 
c. 
d. 
e. 
f. RDX, 30 cm/2 kg 
ev- 
il. 

U>k.s&L&. 

2^-30 cm/2 RT 

<.    Heat of formation: (AH) +      jjg Kg. calories at 25t., 1 atm. pressure 
(indicate sign) 
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By Experiment By Calculation 

Energy of explosion ($) 
J5<*\ H20 llcuid]  

8.  Heat of combustion (Hc)  32 3^ 
(•i 25*". H20 liquid) 

7.    Specific impulse (Isp) calc:     

cal/gm 

cal/gm 3290 

lb-sec/lb 

R«port No. 682 
SPIA/M3 

Method 

Aerojet Report No. Ul7A 

8.  Physical form of compound(TI«COU9 liquid, crystalline tyoe, «tc.)     Flaky white crystals 

S.    Simple microscope analysis data: 
(crystal studies) 

10.   DensityiKacro »athod)    1.707   gm/cm3. (Micro or other aethod jm/cmJ 

VtxDlaln 

11.  Index of refraction: (n£5*c# )     

14.   pH at 25X.   _   5.8 (Method reference C 
aolveot and concentrations used.    pH Indicate 

meter in O.OUlM acetone/water (5/1 • 

on separate sheet any unique methods you use.) 
gm/cm3. 

12. Color       unite 13. Odor     none 

0SM> 3401 i.l., or OSRD 596«.    Indicate method used,  l.a. 
or oaoar or Beclpan    pH ajetar.)   with Beckfflan pH 
olune ratio) 

k 

• — 

• 
I 

1 

\ 

_s» 

1 

» ^ 1 SB   «B—   •, 

i.i.f.1.1 

17.   Boiling point, or decomposition temperature: 
(underUna which taaperstura la reoorted) 

18. Keat of Vaporization: 

19. Heat of Fusion: 

g-cal./gm 

g-cal./gm 

. BTU/Ib. 

BTU/lb. 

20.  Melting point   107-108      *C. 
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21.    Freeting point vs. Time Curve: (PINH aar« tha coordinates «lth seal* values that apply to the COB 
under study.) 

• 
UJ 
or 

< 
<r 
UJ 

I 
1 

1 
1 

i 
f-   i —• 1 

i 
i 

r 
i 
1 

1 
1 
1 

! 
a. 
5 

I 
1 

h- 

  

TIME 

22.   Solubility of new compound: 

<0.1  

2.3  

67 

g/100 ml H20 at 25°C.                                    g/100 ml H20 at 

K/IOO ml           toluene                                         at 2$ 
2$ 

X. 

•c. 
(naae aaterial used as eol»em) 

g/100 ml            acetone                                           at •c. 
(nac* naterlal used •• solvent) 

ft*. flaw W au 

U-* <«• „ T. ..^r 
! —»    C-* .... hrT      " 
Ct-« - 
w- 

••     • • —•— - 
- *r n_-». .u_ •- 

• ».   i -.        cl     fc,.     - 

W«.# ,.*.^>* * *•*••] 

3»3»5»7,7-Pentanitro-5-asa-nonane Suspended in White Mineral Oil 
Tiae-12 ndn 

CONFI DENTIAL 
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Bodw coapatablllt? we are eonalderliur the ability of tao eamxtcnai* to be 5n intlaate contect  (Note 
DSHD 5758 p. ?1—.2) OT»r •  lon# period of tine •lthout adreree effects on either the ehealcal or phyaieal 
nrooertiea  of either arterial.    These tsete will  probebly be at vsrled extent.    They »ipht be aoa* of 
the following  (a)    Standard stability testa,     (b)    Slaole  obsereetlona of exudation or separation at 
aablent or accelerated temoerattire.    (c) Prepare thin sheeta  (.025' thick,  1" an,uare) of the plasticlted 
neterlel.    Separate the aheeta with strlos of cigarette paper or carbon paper and compress the stack in 
s "C" clasp.    After several days note the oily collection on the oaoer.      Pleaae ylv*  reference to or 
describe oroeedura used.    Tteaj 28 Is to Indicate reaulta »hen the conoound Is In contact with soa* materi- 
al other than ethyl cellulose,  nitrocellulose or rubber. 

25.   Compatabiltty with ethyl cellulose:  

26.    CompattbiKty with nitrocellulose: 

27.   Compaublltty with rubber: 

28.    Compatibility with 

29.    Polymerizing properties of the new compound: 
(a) By Itself  
(b) In mixtures ("Uh edditivee)     
(c)   Inhibiting action on polymerisation of: 

Thiokol 
Methacrylate 
Other compounds  

30.   Availability 
a. Amount now available?     Research quantities 
b. When was available material first prepared? 
c. Amount prepared at that time?  
d. Is large production feasible ? 
e. Plant capacity in existance, lbs /day? 
f. Outline steps for a quantity production method 

31.    Additional information: (toxiclty, hacarda, deterioration,  oxygen balance, detonation rate, explosive 
poser, ease of hydrolysis by water, etc.    Llet references,  reports, data books, etc. that refer to the 
compound.)  

Calculated lead Block! V&Ulg •112 ""*),, . " .     .,_ 
•*v**» _ . _._(. Metrioa Of Aerojet Report Nu. $12.  p. 8 

Calculated Balllitie MortaT Value • 129J 
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Data  Questionnaire on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANT3 AND OTHER EXPLOSIVES 

Listed  below are thw  characteristics  which «r«  b*i?ieTed  to  ts 

waicn you navs prepare 
HBOFSLLIJR IHFOHMATIOK ACfefCT, APl/jEU, 8621 Goorgia Avenue, Silver Spring 
aation on the mame nr I»«M f:jsnnimH« »c?•t«, forward it oa s similar fora i 
suboitted on these forms will'be rewritten and published by SPIA in loose 
Bay also be used as worlc or data sheets for your experimental studies. Iz 
request from SPIA. Suggestions for improvement of these forms are invited 
provided for any item, attach separate sheets. 

rtaacs  in the  study of a coBpoaSu 
explosive*.     It  is not expected 
le,  with a compound shoving poor 
er.    After placing such inxormatioc 
these forms,   seas  it  to SOUS 
Maryland.     As additional   infor- 

,t  a.  le>w*)?  data.     ib:   isxorma^ion 
leaf manual  form.    These  forms 
tra copies are available upon 

If Insufficient space has been 

COMPOUND: 1* 1« *•• "*» &> &» 8» 11» 11» H-D«canitro- 
Name   k$ 8-diaza-undecane 

^12Kl2°20 Empirical formula 
Structure: (configuration >JC2 

Ao?  - 
CH2NCH2CH2C(N02)3 

Information submitted by: 
Activity  Aero .jet Engineering Corporation 
Ferson    M.B., Frankel and L.T.  Uarleton 
Date        5 February 1953 

N02 
1 PNaOH 

2(N02)3CCH2CH2NH2'HC1 + HOCH2CCH2OH > 
Preparation reactlon(s):  I 

H 
I 

NCP HO? 

r 
lCH2NCH2CH2C(N02)3 

N02 

=[CH2NCH2CH2C(N02)3 

HOg b — 

1.    Quantitative analysis'!* by weight) 
Carbon 

Calculated from formula    17 .77 
By determination 18.29 

Hydr^en 

'   2'.02       27.UU— 

2.     Burning properties:(compared to nitrocellulose, under nitrogen at atmospheric  preaaurei) 

(faster?     slower?      residue?    etc.) 
Stability and Sensitivity: piot any graphs on 

separate  sheet 
Discuss methods used when they vary 
frcm references.    Give temperature used. 
(Use separate sheet if necessary.) 

Name of test 
Impact Sensitivity 
Thermal Stability 
Vacuum Stability- 
Temperature of Explosion 

e. Temperature of Ignition 
f. Impact Stability 
g. '  
h. 

Recommended method 
NOL    JBSBfidtMbB 

OSRD 3401 p.8 
NOL   flsttpcaaotoqxto 

OSRD 3401 p.6 
OSRD 3401 p.6 

2.5-kg weight 

~ttS hr at 1UUUU 

£areaa of Mines Bull."TTb~.   3^6,   P.  ?2 U-kg weight) 

Reference compouud_ 
RESULTS OF ABOVE TESTS 

(design*tJ.on-T}fr, Tetryl, N.C..  sto.) 
a. Tetryl,   32 CB/2.5 kg ' 10 ca/2.g kg 

New Compound test results 

h.  
c.   
d.  
e. 
i. BELZ 30 c«/2Jt 
K-    
h. 

~   1.87 cc/g 

SOaZEkZ 

4.   Heat of formation: (AH) +       ~5° Kg. calories at 25t., 1 atm. pressure 
^indicate sign) 
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By Experiment By Calculation 

1983 

cal/gm 

cal/gm 

Methort 
not '.*t» 

•&»•» If B*O**ML«7 . 

20UU 

5. Energy of explosion (Q) 
let 25°^.  H20 liquid) 

6. neat of combustion (H.) 
(•t  25°^.  H20 liquid;  "~ 

7. Specific Impulse (Isp) calc: 

8. Physical form of compound (vlacous llouid, crystalline tyoe, etc.)     White crystals 

D**orlfti«a or :*t*t*%e».    J*fU«M 

Aerojet Report No. U17A 

lb-sec/lb 

Simple microscope analysis data: 
(eryetal stui'lee) 

gm/cm3. 10. Oensltyilaero a>ethod)    1«81     »m/cm3. (Micro or other method)      
flbrolsin on separate sheet any unique methods you use.) 

11. Index of refraction: (n§5#c' ) 12.  Color     unite 13.  Odor      none 

14.   pH at 25°C.        6.$ (Method reference QBW) 3i01 n.i,  or QSW 59>*.     IwM «•••,•• aethod used,  «e. 
aolreot and concentrations used.    pH Indicator oeoer or Beckawn    pfl aietar.)     with  Beckaen pH 

aater, 0.0OT1M in acetone/water (5/1 rolune ratio)  

1.1.1...C*.«. ".U.U-DtcuHra-i.' 

re: 17. Boiling point, or decomposition temperatur 
(underline •hieh temperature la reported) 

18. Heat of Vaporisation:   g-cal./jrm 

decogpoges on aeltlng *C. 

19. H>at of Fusion: g-cal./gm 

. BTU/lb. 

BTU/lb. 

20. Melting point 1$7-1$9        t.(d) 
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21.    Freezing point vs. Time Curve: (PINH mr* tha coonUnataa with teal* Taluaa that apply to the COB 
undar atudy.) 

o • 
UJ 
CE 

t- 
< 

a. 
2 
»- 

TIME 

22.    Solubility of new compound: 

^•0.1 g/100 ml H20 at 25*C. 

<0.1 

UO 

g/100 ml H20 at 

g/100 ml toluene  
(MM Mtarial uaad aa aolYant) 

g/100 ml acetone  
(MM aatarlal uaad ae aolTost) 

at x: 
at 25 x: 
at 25 •c 

w«*« MMWW - i- 

NB 

t/VH 
IM*U 

u: LI.UI.U.U.U »wiaiw 

U MIW a«f»l aU *j 

L.                        T\a»* i* «u •' 
w-» £-a.              —        —« 

| r 
(«• Cat .                    —•             •— 

** 
•**. A*,—i—**,—i 

• 1        W          fit      »-      « 

W*** la^ab - M*<*--* 

1,1*' tl4,6,6,8fll,ll,ll-Decanitro-U,8-diatA Ondecane Susjymaion In Ihita Mineral Oil 
WJM-12 nin 

CONFIDENTIAL 
Page 27 
Appendix 



CONF I DE NTI AL 
Report No. 68.? 

MA/lfS 

Under coapetablllty ae are considering the ability of t*o compounds  to be  In lntlaete contact  (Note 
OSXS 5758 p.  ?l-22) over a Ion* period, of tine vltbout adverse effects  on either the ehealcel or physical 
oiooertiee of either material.    These teata will probably be of varied extant.    They night be scat* of 
the following  (a)    Standard stability teata.     (b)    Slaole observation* of erudatlon or separation at 
••blent or accelerated teaoereture.    (c) Prepare thin sbeete  (.025* thick,  1" ecuere) of the plaetlclted 
aaterial.    Separata the aheeta »lth strloa  of cigarette paper or carbon paper and compress  the stack In 
a •(!• clasp.    Aft«r several d*ys not* th* oily collection on the oapar.      Please jrive reference to or 
deaeribe procedure used.    I tea ?8 la to indicate reaulta ehen the compound la In contact with soac materi- 
al other than ethyl cellulose, nitrocellulose or rubber. 

25.   Compatibility with ethyl cellulose: 

36.   Compatibility with nitrocellulose: 

37.   Compatibility with rubber: 

28.   Compatibility with 

Polymerizing properties of the new compound: 
(a)  By itself 
(b) In mixtures (»Uh additives) 
(c) Inhibiting action on polymerization of: 

Thiokol 
Methacrylate 
Other compounds 

30.   Availability 
a. Amount now available? Research quantities 
b. When was available material first prepared ? 
c. Amount prepared at that time?     
d. Is large production feasible ? 
e. Plant capacity in exlstance, lbs/day? 
f. Outline steps for a quantity production method 

31.    Additional Information: (toxiclty, batsrds, deterioration, oxygen balance, detonation rate, exploalve 
poaer, Mac of hydrolyele by water, ate.    Llet references, reporte, data books, ate. that refer to the 
compound.)   _____^_^_______^^____^___^____^^^_^^^^_^_^___^_^^^^_  

Calculated Lead mock* Value • ITT 
•sauMfMgM                              ,                       ^MltHOd Of AiWjll Report Mu. $13,  p. 0 

BaWairl Ballistic Hortar Value •   •"-'  
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Piate  Qiiosti onrmire  on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

slaw are the eharacteristice  which art  believed to be  of  inportance  in the  study  of a eomponniJ ... . c^€ = 

PBOFELLAif IIFGBMATIOS ACtHCT, ISLJ&&',  8621 Georgia. Avenue,  Silver Soring, Maryland.   'A» additional  infor- 
mation on the  same  or new comt>oiiade accrues,   forxm,-rA   it  on a  similar fcrs at- a later dats.     The  iazcra&tion 
submitted on these  forms will'be rewritten and  published by SPIA in loose-leaf manual  form.    These forms 
may also be used  as  work or data sheets  for your experimental  studies.     Extra conies are available upon 
request froB SPIA.     Suggestions  for improvement of these forms are  invited.     If insufficient space has b»««a 
provided  for any  item,   attach  separate  sheets. 

COMPOUND: 1.1.1,3,6,6,9,11,11,11-Decanitro- 
Name     3,9-dlaza-imdecane  
Empirical formula 
Structure: (configuration) NQ? N02 

Information submitted by- 
Ac t iv i; y AsroJ«t_Engineering_CorgOTa't i on 

"1   Person M.B. Frankel and L.T.  Carleton 
TOO 

NO2  r 
J,        L. „„ iJj „,..-  >       Date      6 February 1953 

NO?   L ' -<2 

riu.- 

NOc 

CH2CH2NH2«HG1 • 2HOCH2C(N02) 

-J2 

H 
I 

CH2CH2NCH2C(N02)-. 
HNO,    ?°2 
 3,   n 

NO, 

TrTcn CH2CH2
N

CH2C0JO2)- 

112 

1.    Quantitative analysis:(< by weight) 
Carbon 

Calculated from formula 17.77 
By determination 1ft tn 

Hydrogen 
_J^22  

?,0Q  

Oxygen        Nitrogen 
52.60 21M 
 27.3h 

2.     Burning properties:(ecroparad to nitrocellulose, under nitrogen at atmospheric  pressurei) 

(faster?      slower?       residue?    etc.) 
3.    Stability and Sensitivity. Plot any graphs on 

separate  sheet 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 
f. Impact Stability   
g.  
h. 

Placuas methods used when they vary 
from references.    Give temperature used. 
(Use separate aheet if neceasary.) 

Recommended method 
NOT (JSHBXMW 2.5-kg weight  

OSRD 3401 p.8 
NOL OtmajfttfiJuraM) 

OSRD 3401 p.6 
OSRD 3401 p.8 

U8 hr at 10QQC 

Bureau of Mines Bull. No, 3U6„ p5 72  f2-kg weight) 

Reference compound_ 
RESULTS OF ABOVE TESTS 

(designation-TNT, Tetryl,  N.C.,  etc.) 
a. Tetryl, 32 cm/2.5 kg  
h.   
c.  
d.  
e.  
i. RDXr 3G cm/2 kg  
g.  
h. 

New Compound test results 

11 cm/2.5 kg  

20.6 cc/g 

10-15 cm/2 kg 

4.   Heat of formation: (AH) + -60 Kg. calories at 25t., 1 atm. pressure 
(indicate aignj 
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By Experiment By Calculation 

5. Energy of explosion (Q) 
Tit 25<*\ H20 liquid)     

6. Heat of combustion (Hc)  
(•t 25<*\ H20 liquid) 

7. Specific Impulse (I8P) calc: 

JL26L 

cal/gm 

cal/gm 20UU 

lb-sec/lb 

».   Physical I arm o( compound(TISCOUB linuid, crystalline tyoe, ate.) 

Report No. 682 
SPIA/M3 

Method 
Deiorlftles •' ftattmo*.    teevete 

•*••!  if w**mtLry . 

Aerolet Rrocrt Mo. k!7A 

9.   Simple microscope analysis data: 
(crystal studies) 

10. Density^ Macro Method)    leStt   Mn/eafl. (Micro or other »ethod)      
(EraIs In on separate sheet any unique aethods you use.) 

11. Index of refraction: (n^5*0, )      12. Color       wfalta 13.  Odor _ 

gm/cm3. 

nanm 

14.   pH at 25aC, 2.3 (Method reference OBRT 3A01 o.4, or OSTO 59*8.    Indicate aethod used, I.e. 
•olTent and concentrations used,    pH Indicator oarer or Becioaaa    pH aeter.)     With  Bsclaaaq pfl 

•gtg In O.OllM acetone/watf (25/1 Tolxnae ratio)  

.   1   !   i   1 j   .         . i   i   i 
•    ! 

N/     •     (            1     )     '     " 

k • 

i 

I   . 
i 
i -j    i    I    i    1    :     . 

:    .    !    I 

._.i . . • 

•          .          •          •          • 

1 

. ! _L_i...!  . } \l 1   - 

} 
. . .1 

•       1 
\ 

1 

1 

i 

[ 
.   .   i    . 

*          • • 

—4 -      • 

— *          • 

.      t.   -i       -N, 

! ; 
1 Jr- 

— ' i • —• t— • 

-j» ' JW-^J 

l.l.l.).6.».r..l.ll, 

dacoapoaea on Belting 
(underline ehlch temperature la reocrted) 

18. Heat of Vaporization:   g-cal./gm 

17. Boiling point, or decomposition temperature: 
ed) 

•c. 

19.  Heat of Fusion: g-cal./gm 

BTU/lb. 

BTU/lb. 

». Melting point  170-17$      t. (d) 
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3PIA/HS 

21.    Fre. -.ing point vs. Time Curve: (Float* aark th* eoorrlinataa alth seal* T»lu*a that •oply to tb« em, 
undar atudj.) 

o 
• 

or 

<x 
or 
iii a. 
2 
1- 

TIME 

22.   Solubility of ntw compound: 

<0.1 

<0.1 

$0 

g/100 ml H?l at 25"C. 

g/100 ml tolnene  
"TB**6 .-MLtarlitl uaad ma aolvant) 

g/100 ml acetone  
(naaa aatarlal uaa^ aa aolraatT 

g/100 ml H20 at 

 at 

at 

.21 

25 

X. 

•c. 

l,l,l,3f6,6,9,ll,ll,ll-Decanltro-3,9-<liJi»a-undecane Suspended in White Oil 
Tine-12 ain 

CONM DENTIAL 
asa 
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Under coapatabillty we are considering the ability of two cuapounda to ba  In Intieate contact  (Note 
OSRD 575U p. 71-??} orer a long period of tine without sdvarae effects on elthar the cheajlcal or phyeieal 
oror»r.4«i.  of either aaterlal.    Theee teata will probably *~e of varied extent.    They alpht be  acae of 
the following!  (a)    Stanoero stability teata.    (b)    aiarole observation* of exudation or separation at 
eablent or accelerated teaoerat«ire.     (c) Prepare thin aheeta  (.025* thick,  1" aquere) of the plaatlelted 
•ate-lal.    Separate the aheeta with atrins of cigarette paper or c*-bon paper and compress the stack  In 
• *(!• clasp.    After several dsys note the oily collection on the neoer.       Pleaae five reference to or 
deacribe procedure used.    I tee ?8 is to indicate reaulta when the conoound Is in contact with tone materi- 
al other than ethyl cellulose,  nltrocelluloae or rubber. 

25.   Compatibility with ethyl cellulose:     

SO.    Compatibility with nitrocellulose: 

27.   Compatibility with rubber: 

28.    Compatibility with 

20.    Polymerizing properties of the new compound: 
(a) By itself  
(b) In mixtures ("Uh addltlvea) 
(c)   Inhibiting action on polymerization of: 

Thlokol 
Methacrylate 
Other compounds 

30.   Availability 
a. Amount now available ?   Research quantities 
b. When was available material first prepared? 
c. Amount prepared at that time?    
d. Is large production feasible? 
e. Plant capacity in exlstince, lbs/day? 
f. Outline steps for a quantity production method 

31.    Additional information: (toxlclty,  ha garde, deterioration,  oxygen balance, detonation rate, exploelve 
power, ease of hydrolyala by water, etc.    Llet referencea, reporta, data book*, etc. that refer to the 
cow) pound.)      

ualculated Leaq mock Value g 177 
L Method ol Aerojet Report No. bW. P. 8 

Uilculated ballistic Mortar Value - lUf 
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nuts Quest5 onrmire on 

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Listed below are the characteristic* which are believed to be of importance in the study of a compound 
vhica ssgr pissibly bs uted as a constituent of solid propelli&i; or ether explosives.  It is not expected 
that all this information will *># available for every*compound.  For example, with a conpound shoving poor 
stability, it is probably not advisable to investigate that compound farther. After placing such information 
as is available for a compound which you have prepared or tested on one of these fsras, send it to SOLID 
PBOPELLABT IHTOHMATIOH AGENCY, APl/jHU, 8621 Georgis Avenue, Silver Soring, Maryland. As additional infor- 
mation on the same or new compound* aeoru*s. forward it on s similar font at a later data, *he iafaraaties 
subaittcs on these feras will'be revrittas smd published by SPIA in loose-leaf manual form. These forms 
may also be used as work or data sheets for your •xr.arissst&l studies.  Extra copies are available upon 
request from SPIA.  Suggestions for improvement of these forms are invited,  If insufficient space has been 

ay itam, attach separate sheets. 

COMPOUND: l,l#l#3,5#7,7,7-Octanitro-3,5- 
Name diaza-heptana 
Empirical formula 
Structure: (configuration) 

C^lCMft 

CH> 
N°2 
NGH2C(N02)3j2 

CH2[NH2 ^Cl]? + 2HOCH2C(N02)3 + 2NaOCOCH3 
Preparation reaciion(s):  

Information submitted by: 
Activity Aero let Engineering Corporation 
Person   MR.   i^rankel and L.T.  Carleton 
Date        6^ 

CHo- 

Februarr 1953 

HNO NO. ~T 

NC3i2CCN02)3 ^ —-£» GK2-JKGH2C(N02)3 

1.    Quantitative analysls:(l by weight) 
Carbon 

Calculated from formula 12.99 
By determination 1 3jjl| 

Hydrogen 
1.31 
1-23 

Oxygen 
cX  ^O 

Nitrogen 
30.31 

2.     Burning properties:(eoreparsd to nitrocellulose,  under nitrogen at atooepheric  pressurei) 

(faster?      •lover*       residue?    etc.) 
3.    Stability and Sensitivity: plot any graphs on 

separata sheet 

Name oi test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 
f. Impact Stability 
g.  

Piacuss methods used ehen thiy vary 
from references.     Gi»e temperature used. 
(Use separate sheet if necessary.) 

Recommended method 
tfUCaSBOX3& 2«5-kg weight  

OSRD 3401 p.8 
NOLOflaOoWtlqutt 

OSRD -3401 p.6   
OSRD 3401 pie ~Z 

Bureau of Mines Bull. No. JU6, p.  id (2-kg weight) 

U8 hr at 10QQC 

Reference compound_ 
RESULTS OF AJBUVC TESTS 

(deslgnetion-TWr, Tetryl. N.C.,  etc.) 
Tetryl. 32 ea/2,5 kg    5*0 cs/2,5 kg 

New Compound test results 

b. 
c. 
d. 
e. 
i.   BDX 10 rm/O  Irp 
0 »• 

V30_cc/g in 2 hr~ 

5-10 csi72 kg 

4.   Heat of formation: (AH) +        -IS Kg. calories at 26TC., 1 atm. pressure 
(indicate nign) 

1 . 
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By Experiment By Calculation 

5. Energy of explosion (O) 
(at 55<*\  H20 liquid)     

6. Heat of combustion (Hc) 
(»t i^or-. H20 liquid^ 

7. Specific impulse (Isp) calc: 

1U23 

cal/gm  

cal/gm      Ui27 

lb-sec/lb 

Method 
_•» •» r»f« D»»orlp»lo» er r.f.rae*.    S»p»r%»» 

"   at  ' 

Aerojet Report Wo. U17A 

8.   Physical form of compound (vlacoua llnuld, crystalline tyoe, etc.)   Flaky white crystals 

(Micro or other aethod) 

9. Simple microscope analysis data: 
(crystal studies) 

10. DensityiKaero aethod)       1.87 gm/c.m? 
ytxnlMin 

11. Index of refraction: (n|59C- )     
3.8, decreasing 

14.   pH at 25°C.   quickly (Method reference OSTO 3401 o.4,  or QSRD 5968.    Indicate a*thod ueed. I.e. 
aolTent and concentret Ions used.    pH Indicator oaoer or Beekjnan    ffi ajeter.)   With  Beckman pH 

meter In O.OlbM acetone/water (S/l foluae ratio)  

on separate sheet any unique aethod; you use.) 

12. Color       white 13.  Odor 

gm/cm3. 

BfflM 

so y» 
x. m 

I.».l   ).?.'.'.'-OtV«»l«*.!.5-<l.« 

17.  Boiling point, or decomposition temperature: 
(underline which teajparature la reoorted) 

18. Heat of Vaporization:    

19. Heat of Fusion:    

20. Melting point        8U-8S     *€. 
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21.    Freeting point vs. Time Curve: (PINH Mrk tha eoorrflnatea «lth tc#l» raluee that apply to the COM 
undar study.) 

I 

| 

i— 

• 

i 
1 
1 

< 

1 

i 
t 
i 

QL 

2 
r 

1 

»- 

i i i  

TIME 

22.    Solubility of new compound: 

<0.1 g/100 ml H20 at 25aC. 

U2 

U80 

g/ioo ml       toluene  
(naaa •atarlal used u aolvent) 

g/ioo ml       acetone 
(naaa aatarlal uaed aa solvent) 

g/100 ml H20 at 

 at 

at 

 X. 

 *C. 

25  -C. 

ii 

A'*..   l**,r* -  M,., 

Red:    l,l,l,3,5,7,7,7-Octanitro-3,5-diasa-heptane, Saturated Solution in CC1» 
Greeni    Solvent OCl^ u 

Tlae-12 min 

r r^"^?Tv ?'T^f<.'AT|Of-.' 
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Under compatabillty we are considering the ability of two ccmoounds to be in intiaete contact ( 
OSRB 5?5S p. 21-227 over a lonp period of tine without a*?=r8e effects on either the chenical c 
TO-opertiea of either material. These teata will probably be of varied extect. Thay might be • 
the following! (a) Standard stability teata. (b) jiaole observations of exudation or separat 
aabient or accelerated tenoerature. (c) Prepare thin shesta (.025* thlrk, 1" square) of the p] 
material. Separate the sheets with strios of cigarette pep-r or osrbon paper and compress the 
a "C" clasp, After severe! days note the oily collection on the oeoer. Please pive reference 
describe procedure used. I ten 28 is to indicete results when the comDound Is in contact with t : *« seri- 
al other than ethyl cellulose,  nitrocellulose  or rubber. 

ov 

25.    Compatabiiity with ethyl cellulose: 

26.    Compatabiiity with nitrocellulose: 

27.    Compatabillty with rubber: 

28.    CompaUbility with 

29.    Polymerizing properties of the new compound: 
(a)   By itseif 
(hi   In mixtures ("Uh additives)   IZIZZ^ 
(c)   Inhibiting action on polymerization of: 

Thiokol 
Methacrylate 
Other compounds  

30.    Availability 
a. Amount now available?   Research quantities 
b. When was available material first prepared?  
c. Amount prepared at that time?     
d. Is large production feasible? 
e. Plant capacity in existence, lbs/day? 
f. Outline steps for a quantity production method 

31.     Additional information, (toxicitj,  hazards,  deteriorstion,   oxyjren balance,  detonation r»i. nloalva 
power, ease of hydrolysis by water,  etc.     Lis*  references,  reports,  data books,  etc.  t. .       *f«r to th« 
compound.) _  

Qxygfin Balance - +1U.U 

"When adjusted to zero ozygen balance witn iz^ij TNT, t,ne caicu'-   *  ferie& 

block value"is 196 and the calculated ballistic mortar Value It '   for 

SESbtad nf Aprnjet. Report. Wn. 51?, p.-B...) — ' HZ 
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